
A/0&800OS0 

UNIVERSITY OF OSLO 

MIDDAY AURORAL BREAKUP 

by 

P.E. Sandholt, B. Lybekk and A. Egeland1 

R. Nakamura and T. Oguti ,2 

Department of Physics, University of Oslo, 
Box 1048 Blindern, 0316 Oslo 3, Norway 

Report 88-11 
ISSN-0332-5571 

Received 1988-08-1E 

DEPARTMENT OF PHYSICS 
REPORT SERIES 

i iJ ili J 

. i l l HIM M J i l 

JLI I I 



MIDDAY AURORAL BREAKUP 

by 

P.E. Sandholt, B. Lybekk and A. Egeland 
2 R. Nakamura and T. Oguti 

Department of Physics, University of Oslo, 
Box 1048 Blindern, 0316 Oslo 3, Norway 

Report 88-11 Received 1988-08-18 
ISSN-0332-5571 

Department of Physics, University of Oslo, Oslo, Norway 
Geophysics Research Laboratory, University of Tokyo, 
Tokyo, Japan 



2 
ABSTRACT 

Ground-based observations of the midday aurora by all-sky TV 
and meridian scanning photometers reveal the intermittent occur
rence of discrete auroral displays within the cusp/cleft. A 
typical sequence includes the following features: Auroral bright
ening, near the equatorward boundary of the persistent cusp/cleft 
arc and subsequent poleward motion of discrete forms through the 
cusp/cleft region. A strong westward component of auroral motion, 
both of the individual forms and internal ray structures within 
these forms, is often observed. At maximum brightness green line 
intensities of " 10 kilorayleighs are observed, even within the 
interval characterized as the midday gap. The duration of the 
whole sequence is normally less than 10 minutes. During this 
period the auroral activity moves polewardiin some cases by 3-5 
degrees, say from 71" up to 75° HLAT. Characteristic ground 
magnetic signatures are observed, including a 50 - 100 nT 
positive deflection in the H-component and a negative Z-component 
at stations located poleward of the initial brightening. A pole
ward propagating filamentary Hall current belt associated with 
the discrete aurora is inferred from the optical and magnetic 
data. A quantitative estimate shows that the conductivity enhan
cement due to electron precipitation in conjunction with north
ward electric field roughly accounts for the magnetic deflection 
on the ground. Series of such events are often observed when the 
cusp is located at rather low latitudes, say south of 75" MLAT, 
presumably associated with negative IMF Bz . 
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During the International Geophysical Year 1957/58 and the 

following years midday auroral emissions were recorded by all-sky 

cameras at arctic stations (Feldstein and Starkov, 1967; Vorobjev 

et al., 1975). Photometric observations of these emissions by 

Eather and Mende (1971) showed that the spectroscopic ratio 1(01 

530.0 nm)/I(N*2 427.8 nm) is enhanced by an order of magnitude 

relative to the typical midnight emissions. There is now strong 

evidence that the red-dominated midday emissions are due to 

magnetosheath plasma penetration into the magnetosphere and 

subsequent precipitation along field lines in the cusp (e.g. 

Hrltet and Egeland (eds.), 1985). 

Recent results indicate that there may be a direct relation

ship between the solar wind interaction process at the dayside 

magnetopause and individual discrete auroral forms observed near 

the projection of the magnetospheric cusp/cleft on the ionosphere 

(Sandholt et al., 1985; 1986; Kokubun et al., 1988). 

Coordinated satellite and ground-based observations in the 

cusp have revealed large northward electric field component (" 

100 - 200 mV/m) and multiple sheets of Birkeland current associa

ted with discrete, transient, poleward moving auroral forms 

(Sandholt and Egeland, 1987; 1988). It has also been shown that 

the westward drift velocity of auroral structures at the time of 

similar breakup events sometimes amounts to 5 km/s, in agreement 

with the large northward electric field (Oguti et al., 1988). 

In this paper we focus on the detailed morphology and time 

history of such dynamical midday events, initiated by sudden 

auroral breakup, and their relationship with local disturbances 

in the geomagnetic field. This may give new information on the 

electrodynamics of the cusp and cleft ionospheres, and the rela

tionship with dayside boundary layer dynamics. 

OBSERVATIONS 

The midday aurora have been recorded from Ny Ålesund, Sval

bard (75.4» MLAT) by multichannel meridian scanning photometer 
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and all-sky TV camera. The optical data are combined with magne

tic disturbances measured at three stations along a meridian 

through Svalbard and North-Norway, i.e. Ny Ålesund (75.4° MLAT), 

Bjørnøya (71.1° MLAT), and Tromsø (67.1» MLAT). 

Photometer observations 
Figures 1A and B show stacked photometer traces for two 

selected time intervals near magnetic noon on November 24, 1987. 

Each trace represents a photometer scan from 82 deg. north of 

zenith to 78 deg. south of zenith (one scan in 18 seconds). Both 

intervals displayed show a similar auroral pattern. They start 

with a quiet period with a rather narrow, stable arc in the 630.0 

nm wavelength channel, with very weak green line emission. Then, 

at 0650 and 0813 UT marked auroral intensifications occurred in 

both channels. The relative intensity enhancement was largest in 

the 557.7 nm emission. A high level of the green line intensity 

(" 10 kR) in the meridian plane, was observed for a limited time 

period (a few minutes or less). The poleward boundary of the 

discrete aurora moved steadily northward, reaching up to zenith 

in Ny Ålesund (first event) and to the north of zenith (second 

event). After " 5 minutes the discrete activity disappeared from 

the scanning plane of the photometers (magnetic meridian). The 

auroral situation after the active period was the same as before 

the event, i.e. a quiet cusp arc located far south of zenith, 

with weak green line intensity. 

TV Observations 
Sequential pictures of auroras are reproduced from video 

tape for the two events in Figures 2A and 2B. The images are 

negative. The dark portion indicates aurora. The 8 curves super

imposed on these pictures are latitude circles from 150 km north 

to 200 km south of the zenith. The separation between each curve 

is 50 km in latitude at 150 km altitude along the Ny Ålesund 

meridian. Geomagnetic north is to the right, a little upwards. As 

seen in the second and third pictures of Figure 2A. the discrete 

auroral activity of the first event came into the field of view 

at 06.50 to 06.51 UT, 300-400 km south of Ny Ålesund. It then 

developed and shifted poleward, reaching the maximum activity at 
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06.54-06.55 UT near the zenith. The activity region propagated 

towards WNW direction and faded or disappeared beyond the horizon 

at'06.58 UT in the WNW direction. At that moment the faint trail

ing tail of the discrete auroral form came up to the zenith at Ny 

Ålesund. The auroral arc was aligned approximately along the 

geomagnetic latitude circle in the initial phase, then it became 

slant as the active region propagated WNW-ward, leaving a faint, 

NW-SE aligned arc system during the last phase. The second event 

started in the region 300-400 km SE of Ny Ålesund at 08.12 UT as 

seen in the second picture of Figure 2B. It developed toward WNW 

at 08.13 UT, then faded a little at 08.14 UT, and again developed 

towards WNW from 08.15 to 08.17 UT, reaching the zenith in Ny 

Ålesund at 08.17 UT. Then, the activity propagated further WNW-

ward and decayed or disappeared below the WNW horizon at Ny 

Ålesund, as in the previous example. The maximum activity occur

red at 08.16-08.17 UT, near the zenith. 

A sketch of the spatial and temporal evolution of the second 

event (onset at " 0813 UT) is shown in Figure 2C, based on the TV 

data. The onset (to) of the active phase occurred as a localized 

ray-bundle in the southeast part of the TV frame, as indicated in 

the figure. The discrete form then expanded in the west-north

westward direction, forming a thin, elongated arc-fragment with 

ray structures. At " 0818 UT (t2) a vortex developed slightly to 

the west of zenith. Westward moving rays were observed within 

this auroral band. Later on (tu) a weak, thin arc-fragment was 

observed in the north-west sector of the frame before it disap

peared as a result of intensity decrease and westward motion. The 

whole sequence was finished within 10 minutes. 

Magnetic activity 
The magnetic activity during the two auroral events descri

bed above is shown in Figures 3A, B and C. The H-component traces 

from the three stations (Figure 3A) reveal characteristic posi

tive deflections at Bjørnøya (Bear Island) and Ny Ålesund during 

the first event. Peak deflections at Bjørnøya (" 100 nT) occurred 

" 6 minutes before the Ny Ålesund peak (" 50 nT). The maximum 

deflection at Bjørnøya occurred just at the time (" 0650 UT) of 

the green line intensification at approximately Bjørnøya latitude 
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(cf. photometer trace in Figure 1A). The positive H-deflection 

started at 06.45 UT at Bjørnøya and could probably be related to 

the green line intensification above there. However, the intensi

fication may be missing from Ny Ålesund in the twilight in the 

south. The Z, D, and H-variations at Bjørnøya are shown in Figure 

3B. Discrete auroral forms reached the zenith in Ny Ålesund at 

0656 UT, which is the time of the local maximum H-component 

deflection. A poleward motion of -the aurora and the magnetic 

disturbance center of " 1.3 km/sec is derived, for the period 

0650-0656 UT. 

During the 0813-0820 UT event we see a clean signature in 

the Ny Ålesund H-component trace with maximum positive deflection 

at " 0818 UT, which is the time of discrete aurora reaching up to 

zenith above the station (cf. Figures IB and 2B). The magnetic 

deflections at Bjørnøya are more irregular in this case. We 

notice that the auroral onset occurred at a somewhat higher 

latitude than in the 0650 UT case, i.e. north of the latitude of 

Bjørnøya. 

Figure 3C shows the Ny Ålesund Z, D, and H-components. 

During both auroral events £.Z and aD went negative. The maximum 

negative Z-deflection at 0815 UT occurred during the interval of 

discrete auroral forms moving towards northwest, but still loca

ted to the south of the station. At the time of maximum AH and 

discrete forms in zenith (" 0818 UT) &Z had recovered from the 

negative bay. Such a time delay between the positive H-deflection 

and the negative Z-profile is typical for these events. 

Geomagnetic north (Xm-axis) in this region is about 45° west 

of geographic north. The local magnetic field direction (H-axis) 

is accidentally along the geographic meridian. Therefore, when 

the magnetic deflections are converted from the H, D, and Z 

elements to the geomagnetic coordinate system (Xm, Ym, and Zm), 

the dominant positive H deflection with small negative D deflec

tion indicates a dominant positive deflection of the Xm-component 

with a small positive deflection of the Ym-component. The deflec

tion vector points towards NEN in geomagnetic coordinates whereas 

NWN in geographic coordinates. As pointed out by Oguti et al. 

(1988) the NEN-ward magnetic deflection is consistent with ESE-

ward current, which is in agreement with WNW-ward drifts of 



7 
auroral structures in geomagnetic coordinates (cf. Figures 2A to 
2C). The relationship between auroral movements and magnetic 
deflections for these examples are reasonably understood in terms 
of Hall current along the auroral structures. 

Other, events similar to those reported above are included in 
Table 1. Examples of this kind of related auroral and geomagnetic 
activity at midday have been reported in the literature. A most 
spectacular event occurred above Svalbard at " 08 UT (1130 MLT) 
on November 30, 1979 (Sandholt et al., 1985, Figures 1 to 4). 
Other similar cases have been documented by Sandholt et al. 
(1986), Oguti et al. (1988), and Kokubun et al. (1988). 

It should be pointed out that the events presented here 
(Table 1) are selected due to their high auroral intensities and 
clear magnetic signatures. If weaker cases with a similar dynami
cal patterns are included the frequency of occurrence can be 
rather high. This is illustrated by the 24th November 1987 case, 
when a clear cusp-like aurora was located well south of the 
zenith, but within the field of view for several hours. Within 
the period 0615-0830 UT (0945-1200 MLT) 15 events are identified 
from the photometer profiles. This gives an average recurrence 
time of 9 minutes. In most of these cases magnetic signatures 
cannot be separated from the background level of disturbance by 
visual inspection of the standard magnetograms (fluxgate instru
ments) . 

DISCUSSION 

The five events with shortlived discrete auroral activity 
listed in Table 1 occurred within the 0940-1200 MLT sector. Two 
of them were close to local noon. The background auroral situa
tion, i.e. before and after the discrete forms, were the typical 
midday gap conditions which Cogger et al. (1977) reported in the 
10.5-12.5 MLT sector. A 2-3 hour period around local noon with 
very weak (some hundred rayleighs or less) green line intensity 
is a typical feature in our 10 years of midwinter observations 
from Svalbard. In the pre- and post-noon sectors, beyond the 
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period of green line minimum, auroras typically occur as rather 

persistent, often multiple arc-structures. This is particularly 

so in the " 14-15 MLT sector (cf. also Evans, 1985). Some of 

these auroral forms are colocated with the local convection 

reversal boundary, as indicated by the Svalbard-Norway meridian 

chain of magnetometer stations (cf. also Oguti et al., 1988). 

All events in Table 1 show a clear northwestward motion of 

the discrete features during the events, ending up well within 

the polar cap. In most cases the intensification started at the 

equatorward boundary of the pre-existing cusp auroral display 

(cf. also Sandholt et al., 1985; 1986). The positive magnetic 

deflections indicate eastward ionospheric Hall current (cf. 

Friis-Christensen, 1985) during the auroral events. Negative Z-

component during the early phase of the events, indicate that the 

current center is located south of the station. There is strong 

evidence in the magnetic data that the ionospheric current fol

lows the poleward motion of the aurora. Notice the time delay 

between Bjørnøya and Ny Ålesund H-component peak deflections in 

Figure 3A (0650-56 UT) and the characteristic time shift in &H 

and aZ-profiles (Figure 3C, 0815-20- UT! . Both the optical and 

geomagnetic data suggest the existence of a thin, elongated sheet 

of precipitation/field-aligned current most of the time (cf. 

Figure 3), and an associated eastward, filamentary Hall-current 

with rather limited latitudinal extent. This interpretation is 

consistent with a significant northward ionospheric E-field 

component related to these auroral structures as documented by 

Sandholt and Egeland (1987) during similar cases. If the poleward 

motion of aurora and magnetic deflection between 0650 and 0656 UT 

is related to antisunward convecting magnetic flux (E x B-drift), 

the corresponding eastward E-field component is " 60 mV/m, a 

reasonable value during large negative IMF Ba. The auroral and 

magnetic variations observed in this case are found to be consis

tent with " 250-300 mV/m northward E-field component (cf. Appen

dix) . 

Characteristics such as the location in the cusp, the time 

of duration, and the general magnetic character of the events 

reported above are similar to the magnetic signatures reported by 

Lanzerotti et al. (1986; 1987a) and Arnoldy et al. (1988). The 
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latter events are interpreted as possible signatures of flux 
transfer events (FTEs), i.e. a large-amplitude (> 100 nT) one-
cycle Pc5 (150-600 s period) pulse produced by a large vortex of 
ionospheric Hall current generated by field-aligned current in 
the helical flux tube. As indicated above the present optical and 
magnetic events are slightly different in that they are more 
consistent with particle precipitation/field-aligned currents in 
the form of thin sheets elongated in the east-west direction 
(more accurately in the WNW-ESE direction), rather than a circu
lar flux tube. This is the case at least most of the time after 
the initial brightning, which in many cases is quite limited in 
spatial extent (cf. Figure 2). 

The poleward expansion of the dayside auroral breakups is 
evidently characterized by discrete auroral structures usually 
elongated in the WNW-ESE direction around the polar cusp region. 
The poleward expansion distance is less than 500 km (usually 300-
400 km) in north-south direction. On the other hand, the westward 
propagation or drift distance of the active auroral forms along 
the potential arc system is as large as 1000-2000 km. The west
ward velocity is, therefore, much .faster (4-5 times) than the 
northward velocity. 

There have been some discussions on the definition of the 
cusp and the cleft regions and the respective auroral signatures. 
We refer to Heikkila (1985) : 

"The cleft is the low altitude region around noon of about 
100 eV electron precipitation associated with 6300A emis
sion, but containing also structured features of higher 
energy. The cusp is a more localized region near noon within 
the cleft characterized by low energy precipitation only, 
having no discrete auroral arcs, but often displaying irre
gular behaviour, presumably associated with the magnetic 
cusp". 
Based on the documented observations of transient discrete 

structures which sometimes occur within the interval of midday 
minimum in discrete forms, we propose the following modification 
of the above definition: 

"The cleft is the low altitude region around noon of about 
100 eV electron precipitation associated with 6300A emis-
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sion, but containing also persistent structured features of 
higher energy. The cusp is a more localized region near r.oon 
characterized by low energy precipitation and a minimum in 
5577A emission, but also displaying characteristic transi
ent, poleward moving auroral forms with " 10 kR green line 
intensity, presumably associated with temporal plasms injec
tions/accelerations connected with the magnetic cusp." 
In this statement we allow for the interpretation thac the 

auroral breakup near noon occur within the cleft, i.e. equator-
ward of the cusp proper. After bre-akup the discrete auroral forms 
then move across the cusp, into the polar cap. Particle precipi
tation data presented by Newell and Meng (1988) show separate 
latitudinal zones at the same MLT, including the cusp proper and 
the low-altitude projection of the LLBL (the cleft). In fact, at 
noon they identified the cusp poleward of the boundary layer 
(cleft) in 25% Oi the passes. The probabilities of observing-only 
the cusp or only the boundary layer were approximately equal, " 
30% each (cf. their Figure 2). 

SUMMARY 
Ground-based observations of midday optical emissions provi

des the time history of cusp and cleft events, which is important 
complementary information relative to the satellite-based studies 
of "snapshot" precipitation protiles (e.g. Newell and Meng, 
1988). The combined TV and photometer recordings of the auroral 
phenomenon in question reveals the following characteristic fea
tures: sudden brightening close to the equatorward boundary of 
the pre-existing cusp luminosity, -subsequent poleward expansion 
of the poleward boundary of the aurora, westward motion of the 
discrete forms as well as fast-moving rays along these forms, 
'•.'ithin these active forms values of the spectral ratio R * 1630.0 
nm/1557.7 nm down to 0.2 and green line intensities " 10 kR are 
measured. The background luminosity, dominating before and after 
the transient events, is a quiet, diffuse cusp/cleft arc located 
south of 75" MLAT and with the spectral ratio R > 2. The dynami
cal pattern of the discrete aurora is somewhat similar to what is 
observed in the evening-midnight sectors during substorm onset. 
Among the differences are higher spectral ratio 1630.00 nm/I557.7 
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nm and shorter duration of the midday events. The lower charac
teristic electron energy during the midday precipitation events 
(typically " 500-1500 eV) also results in a significantly weaker 
ionospheric electric polarization effect (electrojet current) and 
thus a factor ten weaker magnetic deflection on the ground. 
Despite such differences we find that midday auroral breakup is a 
propriate name of the optical event. 

The auroral motions and the ground magnetic deflections are 
found to be consistent with the local ionospheric plasma convec
tion. Large northward E-fields (2-300 mV/m) correspond to the 
large westward auroral velocities (" 5 km/s) and moderate Hall 
current amplitudes estimated during the events. A height-integra
ted Hall conductivity 5> " 0.3 mho and an electric field inten
sity of 300 mV/m give a current density of 0.1 A/m. If we assume 
100 km width of the current belt, then the total current amounts 
to 1C A. Unfortunately, however,, we have no direct information 
of the width of the current as well as the zone of strong elec
tric field during these events. A facror 4-5 smaller northward 
auroral speeds (" 1 km/s), compared to the longitudinal motion, 
are observed in most cases, consistent with smaller eastward 
electric fields (typically " 50 mV/m) (cf. Appendix). 

In this paper we will not speculate on possible plasma 
dynamics/acceleration mechanisms related to the present auroral 
and magnetic observations. A better statistics on possible rela
tionships with IMF and solar wind conditions is also needed. The 
future models of plasma dynamics in the dayside magnetopause 
boundary layers and along flux tubes in the cusp/cleft should, 
however, be consistent with these observations. 

APPENDIX 
Relationship between the optical 
aurora and the local magnetic activity 

Auroral intensities derived from photometer recording along 
the magnetic zenith may be used to derive the characteristic 
energy and the energy flux of the precipitating electrons, assum
ing a Maxwellian energy distribution (cf. Rees and Luckey, 1974; 
Rees and Roble, 1985). This technique requires a stable aurora in 



12 
magnetic zenith. In such cases ionospheric conductances can be 
obtained fro.-n the optical spectral information. The following 
formulas from Robinson et al. (1987) will be applied here: 

da) Z i.T.ho) 
P 

40 S (keV) ave 
16 + E 

.1/2, , 2 , = (ergs/cm sec) 

(lb) I„(mho) 0.45 ( E a v e / 2 ) 0 - 8 5 • Ip(mho) 

where Ea v <• and e are average energy and energy flux, respective
ly. Assuming a belt current with infinite length and finite width 
in the ionosphere and that the ground magnetic perturbation is 
due to the Hall component of the ionospheric current (equivalent 
to an asumption that the conductivity inhomogeneity is not signi
ficant, or the current is infinitely long; cf. Fukushima, 1969; 
Friis-Christensen, 1985), the horizontal (BH) and vertical (B2 ) 
components of the deflection vector on the ground can be expres
sed as: 

(2a) 

(2b) 

g /2n 
1 

iB 1 g /2n 
Z 2 

Z E 
H N 

2 2 
h/(h +x ) dx 

E E 
H N 

2 2 
/(h +x ) dx 

where h represents the altitude, and the integration is carried 
out across the current belt. 

For the ground reflection factors we use gi = gj = 1. (A 
current sheet lying above a perfectly conducting Earth corre
sponds to g, = 2, gz = 0). Assuming a uniform current belt, 
relations 2a,b can be written as follows: 

(3a) i.B„(nT) " 200 • [ tan" 1 (x,/h) -tan" 1 (x. /h) ] E„ (mho) E„ (V/m) n .s 1 ti N 

(3b) _B,(nT) 200 [ln(h2+x?,)/(h2+x2)] EH(mho) . E (V/m) 
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These relations may be used to check if the observed auroral 

motions are consistent with the ionospheric E x B-drift. During 
the 0655-57 UT interval on Nov. 24, 1987 (cf. Figure 1A) the 
auroral intensities at 630.0, 557.7, and 427.8 nm were 2.0 + 0.1, 
2.0 + 0.1, and 0.4 + 0.1 kR, respectively. These values are 
consistent with a characteristic electron energy (a) of 0.3 keV 
(Eave = 2a = 0.6 keV) and an electron energy flux !e) of 2 ergs/-
cm 2sec. Relations la,b then give En =0.3 and £> = 2 mhos. How
ever, we may expect a little larger value (" 0.4 mho) of the Hall 
conductivity, since the auroral luminosity was much brighter (6-7 
kR) 2 minutes earlier. TV observations during the 0650-56 UT 
interval indicate that the westward auroral motion is 4-5 times 
faster than the northward motion. The E-field components corre
sponding to the measured velocity components, assuming E x B-
drift, are E» 1 250-300 mV/m and EE ~_ 60 mV/m. 

A problem here is that we have no direct information on the 
width of the current belt. If we assume that the width is equal 
to that of the auroral poleward expansion, it is estimated to be 
about 300 km for the 06:56 UT event. Relations 3a and 3b, based 
upon these values, give ±Bn "_ 30 nT (jH 1 20 nT; AD 1 - 20 nT) 
and ABZ "_ -50 nT. These values are a little smaller than the 
measured magnetic field deflections (cf. Figure 3), although the 
magnetic field direction is consistent with that of the ExB 
drift. 

For the aurora at 08:18 UT the average energy of electrons 
and the energy influx are estimated to be about 1.2 keV and 4 
ergs/cm2sec, respectively. (Intensities and their ratio were 
fairly fluctuating.) These values lead to Pedersen and Hall 
conductivities of 5.5 and 1.5 mhos, respectively. The current 
width is estimated from the expansion width of 200 km, i.e., from 
100 km south to 100 km north of zenith in this case. With an 
electric field of 300 mV/m, the relations 3a and 3b give ABH 1 
130 nT at full expansion, and ABJ '_ 55 nT at half development 
(from 100 km south to zenith). When the current zone expands to 
well north of zenith (poleward boundary) ABJ naturally approaches 
zero. The observed horizontal component (sqr(AH2 + AD 2 ) ) is 
smaller than estimated above. The negative Z-deflection was about 
70 nT, a little larger than the estimation, for the first half of 
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the event when the aurora was to the south of zenith. The Z-

deflection recovered from negative as the positive H-deflection 

reached the maximum {j,H 1 70 nT, about half the estimated value). 

These discrepancies could be due to uncertainties in esti

mating conductivity, electric field and current widths. For 

example, the estimated current width is larger than the observed 

structures of electric field in a similar event. HILAT da-- ^ o w 

(Sandholt and Egeland, 1987; Sandholt et al., 1987) that the 

widths of multiple individaal structures of strong electric field 

(ira drift) and electron precipitation «ere less than IOC km in 

that case. Changes in ionization rate and drifts are crucial in 

estimating conductivity distribution. Simultaneous, coordinated 

satellite-ground observations of the cusp activity are necessary 

in order to understand the relationship between auroral activity 

and magnetic field deflection on the ground. 
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Table 1: Midday auroral breakup events. 

I 

Day 
Time of 
breakup 
(UT/MLT) 

Auroral characteristics at 75° MLAT 
I 

Day 
Time of 
breakup 
(UT/MLT) 

Before and after 
breakup 

Active phase AB at 75° MLAT 

I 

Day 
Time of 
breakup 
(UT/MLT) 

Before and after 
breakup 

Active phase 
AH(peak) ftZ flD 

Nov. 23, -87 0610/0940 Narrow cusp arc 
south of zenith 

Motion C(557.7) 

+25nT <0 <0 Nov. 23, -87 0610/0940 Narrow cusp arc 
south of zenith 

North
west 

"12 kR +25nT <0 <0 

_ M _ 064b/1015 _ n — it •10 " + 50" <0 <0 

Nov. 24, -87 0650/1020 lt „ ' 6 " + 50" <0 <0 

0813/1143 _ ii _ "12 " +70" <0 <0 

Dec. 16, -87 0815/1145 Broad cusp belt 
centered near zenith 

- "10 " +100" >0 •> 

Break-up.88 
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FIGURE CAPTIONS 

Figure 1A: North-south meridian scanning photometer traces 

(intensity versus zenith angle) at wavelengths 

630.0 and 557.7 nm between 0647 and 0700 UT. Local 

noon (12 MLT) is at 0830 UT. Periods characterized 

by a midday minimum (also called midday gap) of 

the green line emission as well as breakup of 

discrete forms are indicated. Zenith at the obser

vation site corresponds to 75.4» MLAT. Calibration 

scales are given in the upper left and right 

corners. 

Figure IB: Same as Figure 1A for time interval 0810 - 0824 

UT. 

Figure 2A: Sequential all-sky picture sequence of aurora 

reproduced from video tape for the time interval 

from 06.49 to 06.58 UT, November 24, 1987. Images 

are negative. Overlapped curves indicate geomagne

tic latitude circles from 200 km south to 150 km 

north of Ny Ålesund with separation of 50 km at 

150 km altitude. Geomagnetic north is upward to 

the right. Each curve covers 600 km length in the 

east-west direction along the latitude circle. 

Figure 2B: Same as Figure 2A for the time interval 0811-0820 

UT. A schematic illustration of the aurora in this 

figure is given in Figure 2C. 

Figure 2C: Schematical drawing of the main features of the 

all sky auroral distribution in Figure 2B (cf. 

also Figure IB). Five representative times (to-t*) 

during the auroral evolution are shown. The dashed 

curve marks the location of the persistent cusp 

arc (cf. Figure IB). To = 08.12; Ti = 8.13; Tz = 

08.18; Ta = 08.20 UT. 
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Figure 3A: H-component deflections at Ny Ålesund (75". 4° 

MLAT), Bjørnøya !71.1° MLAT), and Tromsø (67.1» 

MLAT) during 24. Nov. -87 including the intervals 

of the auroral events presented in Figures 1 and 2 

(cf. arrows). 

Figure 3B: Z, D, and H-component deflections at Bjørnøya 

during a time period including the auroral event 

shown in Figure 1A. 

Figure 3C: Z, D, and H-component deflections at Ny Ålesund 

during the same interval as shown in Figure 3A. 
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