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Substorm onsets as observed by IMAGE-FUV

H. U. Frey and S. B. Mende

Abstract: The FUV instrument observed more than 4000 substorm onseiisg the 5.5 years of the IMAGE mission.
About 2/3 were observed during the first 3 years in the nonttemisphere, while 1/3 were observed towards the end
of the mission in the southern hemisphere. The locationsidiVidual substorms are influenced by the external solar
wind conditions, primarily the B and B. components of the IMF. However, when averaged over all ssasnd several
years, the average substorm onset locations are the sanathimémispheres with respect to magnetic latitude and local
time. This result signifies that the source region of sulpssoand the final onset location in the ionosphere, are priynari
determined by the internal properties of the magnetospla@@ only secondarily influenced by external conditions.
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1. Introduction bit, reached higher altitudes in the Southern Hemisphede [1

The two spacecraft offered a unique opportunity to study the

Suk_Jstorms are one of the most outstanding _signatures of tr};ﬁ.Jrora in the conjugate hemispheres simultaneously. bive s
coupling between the magnetosphere and thelonospherye.Thgtorm onsets were compared in the two hemispheres, which

suddenly release hundreds of GW of power in the magnetq . 4 s mmetric locations. The longitudinal displacemant i
tail, create intense plasma flows in the plasma sheet, bpild u

strong field-aligned currents, excite aimost all kinds ebéio- & hemisphere compared with the other can be as much as
gt 9 ' . S @LH0- 1 5 hours of local time. For southward IMF the hemispherical
magnetic waves, and cause strong energetic particle [iteecip

tion that create bright and dynamic auroras in the iono herasymmetry in local time is strongly correlated with the IMF
. 9 Y IONET 50k angle. These findings were interpreted as the magnetic
Their temporal development is reasonably well described b

the traditional picture of growth, onset, expansion, anmye ¥ensions force acting on open magnetic field lines before re-

ery phases [1, 16]. What is still the topic of intense disiarss connecting in the magnetotail. A similar asymmetry of sub-

are the exact temporal development of the single phases, ﬂitorms was found with SuperDARN radars [20]. Systematic

locations of phenomena in the maanetosphere. and the co G_éymmetries in the interhemispheric signatures of theraliro
P 9 P ’ Westward flow channels probably arose because the magnetic

Jcllji?fgfgn?fotgsee?lljorg;liloafgﬁgpsgvn%r?ggitgfr?vtehnigrl'?ﬁggupr?SﬂUX tubes were distorted at L shells passing close to the sub-
q ‘ storm dipolarisation region.

Disruption Model puts the onset location near Earthd(fz.) The FUV imager on the IMAGE spacecraft observed the

with a current disruption that is quickly followed by the atal :
. northern hemisphere aurora between 2000 and 2002. Small
breakup [14, 2]. The Near-Earth Neutral Line Model [9] piace subsets of its images were used to compare the behavior of

E)hciﬁlrjsblsatt% rmr:g'r:';ﬁ'&l%ulr?egfgﬁen?q?ow&233@&?3&“& the proton and electron aurora during the substorm expansio
P The analysis of 78 winter substorms did not find any signific-

flows break near the earth [22]. . ant difference in the spatial distribution of the proton atet-
The first extensive study of seasonal and interplanetary mag. o1 onsets [6]. However, they found a strong anti-corietat
netic field (IMF) effects on substorm onsets used 648 Pola etween the onset Iatitu’de and the one-hour averaged solar

UVI northern hemisphere observations in 1996-1997 shortI)(Nind dynamic pressure before the onset. The analysis of 91

after the minimum of the past solar cycle [].'1]' The aUthorSsubstorms established that there are differences in thanexp
found systematic changes of lower onset latitude fpr-B 0

or B. < 0 and increased latitudes for,B< 0 or B, > 0, sion of the electron and proton precipitation after onséi.[1

) ; e investigation of the high-latitude ionospheric flowidgr
respectively. The onset longitude depend_s on season and_l 7 substorms demonstrated the increase of the dawn-to-dusk
B,. In summer, substorms tend to occur in the early evenin

whereas in winter they tend to occur near midnight with a%ﬁr]lsmlar voltage during the first minutes after substonseo

gﬁﬁgﬁa?gfzﬁﬁgﬁgf; t?rg:rs ?(];rMLT(') gnndsgvj/(;(r:gt*?i?jiialrslf A much more extensive investigation determined all sub-
B> 9 storm onsets that were observed in the northern hemisphere

for B, <0. The authors also concluded that substorm onsetﬁy IMAGE-FUV between May 2000 and December 31, 2002

should not be conjugate. :
: . ' : 5]. A total of 2437 substorms were found and their average
This conclusion was confirmed in 2001 and 2002, when the, * .+ |0 cation was 2300 hours MLT and G6riagnetic latit-

Imager for Magnetopause-to-Aurora Global Exploration{IM d : :

) : . . e. These values agreed reasonably well with previoustepo
AGE) satellite had its apogee in the Nc_)rthern Hem!spherg an ough such investiggations used smgiler numbtfrs of su‘ostgr
the Polar spacecraft, owing to the apsidal precession of-its and/or were limited to certain seasons [3, 7, 11, 6]. The pub-

lished list of substorm onsets has so far been used in one pub-

Received 10 May 2006. lished paper that investigated the location of auroralkupa
H. U. Frey and S. B. Mende. University of California, Space Sci- !N '€Sponse to solar illumination f’md .SOIa.r coupling patame
ences Laboratory, Berkeley, CA 94720, USA. ers [24]. It was found that solar illumination and the rethte

ionospheric conductivity have significant effects on thestno
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IMAGE orbit April 1 The Far Ultra-Violet imager (FUV) consists of three ima-
L ging sub-instruments and observes the aurora for 5-10 decon
during every 2 minutes spin period [17]. As in the previous re
port we used the Wideband Imaging Camera (WIC) and the
Spectrographic Imager channel (SI-13), and we neglect the
proton contribution to the substorm onset aurora [18].

WIC offers the best spatial resolution with a pixel size from
apogee of 50 km while the pixel size of SI-13 is 100 km from
apogee. During closer proximity the spatial resolutionrioves
but the field of view becomes too small to cover the whole
Earth. FUV is turned off during the passage through the radi-
ation belt. That operation scheme limits the observatioe tio
8-10 hours during each orbit. From apogee around the equator
the conditions for auroral observations are unfavorableuas
rora appears close to the Earth’s limb and the location deter
ination becomes unreliable. That limited the useful time fo
aurora observations to just a few hours per orbit in 20034200

FUV is mounted on the spinning IMAGE satellite. The point-
ing within the spin plane is regularly corrected with brighy
stars that cross through the field of view [4]. However the fi-
nal pointing error in the spin plane can be up to 4 pixels while
the one perpendicular to the spin plane can be up to 2 pixels.
X-GSM (Re) That amounts to the larger uncertainties for the deterroinat

) ) ) ] in local time in summer and winter, and in latitude in spring
Fig. 1. Change of the IMAGE orbit from launch in 2000 until and fall.

2005. The orbit is shown for April 1st each year when the atbit
plane was located in the GSM x-z-plane.

Z-GSM (Re)
(=)

3. FUV observations

probable substorm onset latitude and local time. In sutligh As in the first study we searched through the FUV data and

substorm onsets occur 1 hour earlier in local time and 1.%2mor . ; . .
poleward than in darkness. The solar wind input, represlentedeterm'ned the time and location of substorm onsets. Tiegri

by the merging electric field, integrated over 1 hour pricthi data source were the WIC images because of their betteakpati

substorm, correlates well with the latitude of the breakdipst resolution: Some additional SI-13 images were used wheneve
poleward latitudes of the onsets were found during verytquietn€ WIC high voltage was not turned on or they offered a better
times. Field-aligned and Hall currents observed conctigren wew._Substorms were identified if they fulfilled the follavg
with the onset are consistent with the signature of a westwarCMtena:

traveling surge evolving out of the Harang discontinuitgeT e Aclear local brightening of the aurora has to occur.
observations suggest that the ionospheric conductivityama

influence on the location of the precipitating energeticele ~ ® The aurora has to expand to the poleward boundary of
trons, which cause the auroral break-up signature. the auroral oval and spread azimuthally in local time for

For the present report all FUV-images from January 1, 2003 at least 20 Minutes.

to the end of the IMAGE science mission on December 18, 4 A substorm onset was only accepted as a separate event
2005 were analyzed to identify substorm onsets in time and if at least 30 Minutes had passed after the previous onset.
location. The strong orbit precession of IMAGE had moved

the apogee across the equator and a large portion of the on-Within the image of the initial auroral brightening the cen-
sets was observed in the southern hemisphere. That allows fter of the substorm auroral bulge was first determined visu-
a comparison between the hemispheres. Furthermore, obs@lly. Then a computer program determined the brightest pixe
vations between May 2000 and December 2002 cover the peditose to this location and calculated its geographic and geo
of the past solar cycle while the present study interval meci magnetic locations. The full data set is avallable_ele_cmron
during the declining phase. As in the first publication, thk f ~ ally at http://sprg.ssl.berkeley.edu/image/ and otherdists
data set is pub||5hed e|ectr0nica||y and pro\/ides alishept are invited to use the data for their research. The list 18rgyia

scientific community that can be used for further research.  the same format as in [5]. It contains the date and time of each
substorm onset, which FUV instrument was used for the iden-

_ tification (WIC or SI-13), the spacecraft geocentric disgn
2. Instrumentation and the brightness (instrument counts) and location (glpi
geographic and geomagnetic) of the brightest pixel withe t
onset surge. The list can easily be searched for specifarierit
elgge onsets at high magnetic latitude, late local time, t;ise
Mvithin a certain distance to a particular ground statiommor
sets with a small distance to the IMAGE spacecraft promising
better spatial resolution.

The IMAGE satellite is in a highly elliptical polar orbit of
1000 x 45600-km altitude with a 14:14 hours orbital period an
had the apogee over the North Pole in 2001. The strong prec
sion of~ 45° per year moved its apogee across the equator i
2003 and down over the South Pole in 2005 (Figure 1).
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Fig. 2. Maps of the northern (top) and southern (bottom)
polar regions with the substorm onset locations in geogcaph
coordinates regardless of the local time of onset. A geortagn
grid is given as dashed gray lines.

4. Discussion
All onset locations irrespective of their local time areegiv

in Figure 2 separated in the northern and southern hemispher
respectively. Please note that these plots do not représent
auroral ovals, which are asymmetric between local noon an
midnight and move over time in latitude for a fixed longitude
(see e.g. [8]). These plots should rather be consideredpas re
resentations of the auroral zone, statistical maps of tbp-pr
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Fig. 3. Histograms of the distribution of substorm onsets in
geomagnetic longitude (top), latitude (middle) and lodalet
(bottom) from 2003-2005 (dashed lines) and 2000-2002 dsoli
lines). The median values are marked in the two bottom panels

times on the signs of all three IMF components and seasons
(see introduction). Especially with respect to the onsétide,

it is not unreasonable to expect some difference between the
two data sets as the first one was collected during the peak of
the solar cycle and the present one during the declininggphas
[23]. There are differences between the solar wind progerti

in the course of the solar cycle. During solar minimum high
speed streams are more common [10] and the number of in-
terplanetary coronal mass ejections tracks approximalely
sunspot number [12]. That could well influence for instance
the onset latitude if these solar cycle changes were faaritst
accompanied by more negative Buring solar maximum.

In order to investigate this possibility we analyzed allasol
wind plasma and magnetic field measurements by ACE and de-
termined their average properties. Figure 4 summarizesthe
erage IMF conditions for the two time periods from May 2000

Table 1. Median and mean (in parentheses) values of auroral
ubstorm onsets from several statistical studies (frorh 5]
rge portion of the present onsets was observed in the eouth
hemisphere and the absolute values of the magnetic latitale
used in the row labeled IMAGE'03.

ability for onset observations at a specific geographictiona ~ Satellite # [ MLT MLAT Ref.

and maybe as guides to tourists, where to go if you want to see (hours) (Degrees)

a substorm onset at that particular town/hotel. DE-1 68 | 2250 (22.8)| 65° (?) (3]
The averaged results for the substorm onsets confirm results/iking 133 | 2305 (22.8)| 66.7 (65.8") | [7]

of earlier studies (Table 1). What is remarkable is the atmos Polar 648 | 2230 (22.7)| 67° (66.6") [11]

perfect reproduction of the locations from the first studyhwi  IMAGE (winter) 78 | 2324 65.6 [6]

an average MLT of 225080127 hours (previously 23@80121) IMAGE'00 2437 | 2300 (23.0)| 66.4 (66.1°) | [9]

and latitude of 66.24+ 2.96° (previously 66.4 + 2.86°) (Fig- IMAGE'03 all 1755 | 2250 (22.8)| 66.4° (66.1°)

ure 3). The match of both parameters is somewhat surprisingMAGE north 2760 | 2300 (23.0)| 66.3 (66.07)

as other studies found dependences of onset latitudes ead lo IMAGE south | 1432 | 2245 (22.8)| -66.5 (-66.3")
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1.5x10°F ] greater than 0.0 nT. This situation was reversed in 200%200
2 4 ox10°F 3 when B, was more negative with 2.80 Mio. measurements less
TEl . 3 than 0.0 nT and 2.47 Mio. measurements greater than 0.0 nT.
8 5.0x10*F . In a general sense (see [11]) that should have caused earlier
oE ] onset local times in 2000-2002 and later onset local times in
2003-2005, what we find neither.
-20 -10 0 10 20 . . "
Bx (nT) Table 2 also lists the average solar wind plasma conditions
during each year of the two periods. However, we only plot the
distribution of the solar wind dynamic pressure in Figures4 a
]%i]gz 3 3 this is the only parameter that was identified as influendieg t
2 8ox10°F 3 inset latitude [6]. The two distributions are very diffetevith
TEl 6.0x10*F 3 much larger pressure in 2003-2005 than in 2000-2002. It ap-
8 4.0x10*F 3 pears that with a large enough number of events and averages
2.0><10$ 3 E over all seasons, previously established general trensislaf
20 20 wind influences on the onset locations are suppressed and the
magnetosphere creates substorm onsets at constant facatio
2.0x10°f ] 5. Summary
S ]
g 1:5x10°F E The data of the new 1755 substorm onset locations between
g 1.0x10°F E January 1, 2003 and December 18, 2005 confirm previous find-
A 50x10°F 4 3 ings of average distributions in geomagnetic latitude acdll
of ] time. The surprising result is the almost perfect match ef av
-20 -10 0 10 20 eraged onset locations that were observed by IMAGE-FUV
Bz (nT) between 2000 and 2002. The solar wind properties in these two
periods at the solar maximum and during the declining phase
6x10° — 01_‘ the solar cycle were_slightly different (Band B,) but these
- n differences were not big enough to change the averaged onset
é 4x10*F [+ " . locations substantially. It appears that the average dosat
£ L[ . ] tions are more controlled by internal magnetospheric peee
& 2x10'F ta ] than that they are driven by the solar wind.
ok — ] The prime purpose of this report is to publish the list of
0 2 4 6 8 FUV substorm observations the same way as it was done in
Pressure (nPg) the first investigation. Files summarizing all substormeias

) ] N used for this study are available electronically at the \itebs
Fig. 4. Histograms of the average IMF conditions as measured  py://sprg.ssl.berkeley.edu/image/. Other reseascrerinvited
by ACE during the two study intervals 2000-2002 (solid Iines {5 |ook at those time periods with their data and different in
and 2003-2005 (dashed lines). Different numbers of mee®m&s  syrymentation. The database can easily be searched fafispec
were scaled to the maximum of both distributions for easier criteria like onsets at high magnetic latitude, late lodalet,
comparison. onsets within a certain distance to a particular groundostat

or those with a small distance to the IMAGE spacecraft giving
to December 31, 2002 and from January 1, 2003 to DecemMyetter spatial resolution.

ber 2005. Accounting for the different numbers of samples in" pyring aimost all of the reported substorm onsets there exis
each period we normalized all the distributions to the max+sq images of the proton aurora taken by the SI-12 channel on
imum value in each of the histograms. Table 2 summarizes thRAGE. Previous analysis of small subsets of FUV images did
median values for the solar wind plasma and magnetic fielgyot fing any significant difference in the spatial distribatiof
during these years. the proton and electron onsets [6], but differences in tipaex

It turns out that the average solar wind properties are nodjon of the electron and proton precipitation dominatedeas
that different between the two time periods. The distritnosi P precip

of GSM-B,, which could influence the onset latitude, are ex-

actly the same. The distributions of GSM:-Bnd B, are some- Table 2. Median values of solar wind plasma and magnetic field
what different. B was more negative in 2000-2002 (2.63 Mio. properties in the years 2000-2005.

measurements less than 0.0 nT compared to 2.47 Mio. measyear B, B, B. Density Speed Temp.

urements greater than 0.0 nT) than it was in 2003-2005 (2.49 (nT) (nT) (nT)  (cm®)  (km/s) (K)

Mio. less than 0.0 nT and 2.77 Mio. greater than 0.0 nT). AC" 2000 0.23 _ 0.27 _-0.09 2.7 435 68000
cording to the results in [11] that could have influence on the 20901 017 020 0.07 45 421 71000
onset latitude, which we however did not find. The IME B 2002 -065 068 0.10 4.8 439 92000
was also slightly different during the two periods. It wasreio 2003 034 -041 -0.09 4.1 539 139000
positive in 2000-2002 with 2.68 Mio. measurements with val- 2004 079 -040 -0.12 4.7 452 92000
ues greater than 0.0 nT compared to 2.42 Mio. measurement$gos  -0.05 -043 0.01 3.8 501 107000
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[18]. Such investigation has not been performed for thidystu 15.

and more statistically significant results could be obtdinih
a further analysis of the present data set.
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