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Abstract. We compare the location of the polar cap bound-1 Introduction
ary (PCB) determined using two different techniques, and
use them as proxies for the open-closed field line boundaryfeéchniques which allow the identification of the the polar
(OCB). Electron temperatures from observations of the EIS-cap boundary (PCB), the boundary that separates the iono-
CAT radar facility are used to estimate the latitude of the Spheric polar cap from the auroral oval, are used as a proxy
PCB along the meridian of the EISCAT VHF beam. The sec-for the open-closed field line boundary (OCB) to analyze the
ond method utilizes global images of proton aurora obtainedcycle of accumulation and release of open magnetic flux and
by the IMAGE satellite FUV SI12 instrument. These meth- energy by the magnetosphere in its interaction with the so-
ods are applied to three different intervals. In two events, thdar wind. Several techniques have been considered, based
agreement between the methods is good and the mean of tH# observations of the auroral emissions (Blanchard et al.,
difference is within the resolution of the observations. In a1995; Wild et al., 2004; Hubert et al., 2006a; Boakes et al.,
third event, the PCB estimated from EISCAT data is located2008), in situ particle detection (Newell et al., 1991; Blan-
several degrees poleward of that obtained from the IMAGEChard et al., 1997), analysis of radar backscatter from the
FUV SI12 instrument. Comparison of the reconnection elec-moving ionospheric plasma (Milan et al. 2003, and refer-
tric field estimated from the two methods shows that high-ences therein; Chisham et al., 2005), or a combination of
resolution measurements both in time and space are needdg situ particle measurements and radar backscatter analysis
to capture the variations in reconnection electric field during(Chisham et al., 2004). Estimates of the electron tempera-
substorm expansion. In addition to the two techniques in-ture were also used by @stgaard et al. (2005) and Aikio et
troduced above to determine the PCB location, we also use &l- (2006) to determine the location of the polar cap bound-
search for the location of the reversal of the east-west compoary.
nent of the equivalent current known as the magnetic convec- Newell et al. (1991) characterized the properties of the
tion reversal boundary (MCRB). The MCRB from the MIR- Precipitating auroral particles as measured using the DMSP
ACLE magnetometer chain mainly follows the motion of the satellites to estimate the location of the PCB. Blanchard et al.
polar cap boundary during different substorm phases, but dif{1995) used ground based measurements of the auroral emis-
ferences arise near the Harang discontinuity. sion from metastable oxygen ) at 630 nm to estimate the
location of the PCB and compared it with in situ measure-
Keywords. Magnetospheric physics (Magnetopause, cuspments of the precipitating particles using the DMSP satel-
and boundary layers; Storms and substorms; Instruments ariles. Hubert et al. (2006a) used remote sensing of the proton
techniques) aurora at all MLT sectors using the Spectrographic Imager
at 121.8 nm (S112) of the Far Ultraviolet (FUV) experiment
onboard the Imager for Magnetopause to Aurora Global Ex-
ploration (IMAGE) satellite (Mende et al., 2000a, b), and
estimated the location of the polar cap boundary as well as

Correspondence tdB. Hubert the flux opening and closure reconnection voltages. Wild et
BY

(b.hubert@ulg.ac.be) al. (2005) and Boakes et al. (2008) used remote sensing of
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the electron-dominated auroral emissions, which can be oblinking differing regions of space. This can only be inferred
tained using the Spectrographic Imager at 135.6 nm (SI13Jrom the resulting differences in the plasma populations, as
and the Wide Band Imaging Camera (WIC) instruments ofobserved through auroral emissions, heating, direct detection
the IMAGE-FUV experiment to estimate the location of the of particles etc., so that one rather identifies the polar cap
polar cap boundary in MLT sectors uncontaminated by theboundary (PCB), used as a proxy for the OCB. It also fol-
dayglow. Chisham et al. (2005, 2008) showed from a statisdows that experimentally the location of the OCB is a some-
tical standpoint that the spectral width boundary (SWB), thewhat fuzzy concept, because it may depend on the properties
boundary between broad and narrow backscatter echoes, & the particles used to detect the boundary. Itis thus valuable
a reliable proxy for the open/closed boundary close to noorto compare different methods used to identify the boundary
and midnight. The electron temperature enhancement in théocation. In the present study, we compare the location of the
nightside ionosphere has also been used as a proxy for theCB determined from two different methods, global imaging
OCB by dstgaard et al. (2005), who combined FUV im- of the proton aurora, and ionospheric electron temperature
ages of the electron aurora with electron temperature meadetermined from radar measurements by the EISCAT facil-
surements by the EISCAT radar. This method was extendeity. We also compare the location of these boundaries with
by Aikio et al. (2006) as discussed in more detail in Sect. 2. a third boundary: the magnetic convection reversal boundary
Knowledge of the location and motion of the OCB (gen- (MCRB), which is not expected to always follow the PCB,
erally through a PCB-based proxy), combined with a deter-and thus nor the OCB.
mination of the ionospheric electric field using e.g. Super-
DARN observations, then allows one to estimate the elec-
tric field in the moving frame of reference of the boundary, 2 Data and methods

and hence the dayside and nightside reconnection rates (Sis- | _ .
coe and Huang, 1985; Grocott et al., 2002; Milan et aL'The first method we use relies on global observations of the

2003, 2004; Hubert et al., 2006a, and references thereinpProton aurora from the Spectrographic Imager at 121.8nm
Chisham et al. (2004) measured the dayside reconnectiok>!12) Of the Far Ultraviolet (FUV) experiment onboard the
rate during an interval of northward IMF combining Super- IMAGE spacecraft (Mende et al., 2000b). This instrument is

DARN and DMSP data. Blanchard et al. (1996, 1997a) de-sensitive to Doppler-shifted Lyman-photons that are emit-

veloped a method to determine the local nightside reconnect€d by precipitating auroral protons that have captured an

tion rate using ground based measurements of the emissiofi€ctron, thus becoming a fast excited hydrogen atom. The

of metastable oxygen @) at 630 nm combined with radar SI12 images are not sensitive to the dayglow, and both the

measurement of the ionospheric flow, and applied it to thenightside and dayside aurora can be sensed, even in summer.

study of several substorms (Blanchard et al., 1997b). They! "€ background of the image is fitted with a 2-D polynomial

found that the nightside reconnection rate increases shortid carefully removed, avoiding the inclusion of auroral pix-

after substorm onset. Hubert et al. (2006a) analyzed sev&!S In the fitting process. The residual noise left in the image
eral substorm intervals using SI12 and SuperDARN data andfter subtraction of the background is analyzed statistically
found that pseudobreakups can close magnetic flux prior t4C determine the threshold (empirically fixed to 1.15 times
substorm onset, while the closure voltage reaches its max€ median of the noise) to use to zero the auroral signal. A
imum intensity shortly after onset. They also found that S€T€S of median filtering of different widths and recursive

“poleward boundary intensifications” (PBIs) are related to searches for sjgnificant signal is also used now to identify
flux closure, while Piténen et al. (2009a, b) showed one-to- € aurora, which was not employed by Hubert et al. (2006a).
one correlation between PBIs and local reconnection electrid/edian filtering is known to efficiently remove the “salt-and-
field enhancements. Hubert et al. (2006b) used the methoBEPPer noise” from images. We apply median filtering to the
of Hubert et al. (2006a) to show that the compression of thd€Sidual image using a width ob3 and %7 pixels, the
magnetotail by solar wind dynamic pressure pulses can diS!'12 image being a square of 12828 pixels. We compare
rectly drive flux closure. Using the same method, Hubert ettN€ results to identify what pixels of small intensity can be
al. (2007) analyzed the relation between magnetic flux clo-considered as auroral signal rather than noise, avoiding in-
sure and auroral streamers, while Hubert et al. (2008) stud€¢!usion of isolated small patches made of a few contiguous
ied the relation between magnetic reconnection and sawtootAiM Pixels. The result is a nonsystematic slight broadening
sequences. Estimates of the magnetotail reconnection rate f the determined auroral oval obtained at the expense of a

one point of the boundary have shown that the reconnectio2f9€r noise in the estimated boundary location. The pole-
electric field varies on time scales of minutes to tens of min-ard boundary of the aurora, i.e. the PCB, is identified and
utes (e.g. Pstgaard et al., 2005; Ritien et al., 2009a, b). fitted with a Fourier series such that the radius of the bound-

Identifying the location of the OCB remains a challenge &Y projected in the (magnetic) equatorial plane is fitted with

whatever the technique used. The main difficulty comes fromt1€ function

the fact that the boundary itself is not directly observable, in- :
volving a change in the topology of the magnetic field lines’ — Xn:(a" Cosing) +bnSin(ng)) +¢ @)
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where parameters,, b, andc are to be fitted ang is the  velocity together with the calculated PCB velocity gives the
magnetic local time expressed in radians. ionospheric value of the reconnection electric field.

This fitted PCB is taken as a proxy for the OCB. MLT sec-  The third technique used in this paper is a search for the
tors in which the aurora is too dim to be detected in SI12 im-location of the reversal of the east-west component of the
ages are filled by interpolation, and these sectors are assignegjuivalent current (EQJ), known as the magnetic convection
a low weight when fitting the boundary with a Fourier series. reversal boundary (MCRB), determined using magnetometer
This prevents the fitted series from producing artificial unre-data from the MIRACLE network in Scandinavia. By itself,
alistic oscillations in those MLT sectors in which the bound- this is not a determination of the PCB location, nor of the
ary location is not constrained by the observations. From aOCB location. However, this boundary depends on the iono-
statistical standpoint, this boundary corresponds well to thespheric current system and on the ionization produced by the
OCB inferred from DMSP spacecraft particle observations.auroral precipitation, so that the motion of this boundary can
We conducted a comparison between 656 coincident deterbe expected to mimic that of the OCB, and in some circum-
minations of the OCB using DMSP data and SI12 imagesstances, the boundaries may well match each other (Amm et
that occurred between June 2000 and July 2001 followingal., 2003; Aikio et al., 2006, 2008).
the same procedure as Hubert et al. (2006a) concerning the In the following sections, we analyze three intervals for
DMSP “boc” boundary (i.e. the open-closed field line bound- which these data are available, namely 17:30 to 23:15 UT on
ary deduced from the classification of particle regimes using22 September 2001, 20:30 UT on 17 February to 00:30UT

the DMSP in situ measurements). The comparison showsn 18 February 2002, and 20:20 to 22:00 UT on 7 December
that, on average, the boundaries differ by @230 DEG  2000.

MLAT, with a standard deviation of~2.65DEG MLAT,
the DMSP boundary being generally poleward of the SI12
boundary. This difference is below the resolution of the SI123 22 September 2001
instrument ¢1 DEG MLAT). This result is better than that
of the previous comparison of Hubert et al. (2006a), suggestOn 22 September 2001, FUV observations are available un-
ing that the slight modifications of the method that we havetil 23:25 UT, when the IMAGE spacecraft approached its
introduced have improved its reliability (at least in terms of perigee and the northern polar region was no longer ob-
statistical agreement with the boundary determined from theserved. The EISCAT PCB estimates are made during the
DMSP particle measurements), so that no systematic corrednterval 18:15-22:00 UT (magnetic midnight at Tromso is at
tion of the boundary location is applied in the results pre-21:25UT). Between 17:30 and 18:00 UT the auroral activity
sented here. observed with the IMAGE-FUV imagers is decaying. Fig-
The second method used in this paper to estimate the PCBre 1a shows the aurora observed with the WIC imager on-
location utilizes EISCAT radar facility observations of the board the IMAGE satellite. Brightenings reminiscent of a se-
ionospheric electron temperature (Aikio et al., 2006). Thequence of weak pseudobreakups are seen after 18:30 UT, and
energy flux of electron precipitation inside the oval is typ- a weak auroral brightening is seenat8:57 UT, followed by
ically larger than that of the polar rain precipitating in the the slow formation of an auroral bulge of moderate extent. A
polar cap, resulting in an elevated electron temperaldre second weak brightening is seen at 19:23-19:25 UT also fol-
within the oval. Low-elevation VHF radar observations from lowed by a moderate poleward retraction of the oval, with
Tromso (corrected geomagnetic coordinates: G8IGAT, ongoing activity until a third brightening is seen at 20:02 UT.
103 MLON) in the poleward direction are used to iden- The latter is followed by the formation of a larger bulge,
tify the most poleward location that has highgrthan at  and preceded by a very weak brightening and poleward mo-
the corresponding altitude within the polar cap, measured bytion of the oval after 19:46 UT (not shown). Magnetometer
the field-aligned EISCAT Svalbard radar (ESR) at Longyear-data (not shown) from the MIRACLE International Moni-
byen. This estimate of the PCB location is taken as a proxytor for Auroral Geomagnetic Effects (IMAGE) Scandinavian
for the OCB location. chain of magnetometers (not to be confused with the IMAGE
The reconnection electric field can be calculated from EIS-satellite) suggest little activity starting shortly after 19:50 UT.
CAT VHF low-elevation dual-beam measurements as fol-The AE, AU and AL indices indicate an increased activ-
lows (for details, see Pi#lnen et al., 2009a, b). In dual ity after 06:00UT and a strong activity after 11:00 UT on
beam working mode, the radar uses two nearly horizontathat day (Fig. 1b), which progressively fades after 18:00 UT.
beams that point in different directions, and the PCB loca-As the AE index was higher than 200 nT and the AL index
tion is determined for the two beams separately as explainegvas fairly stable for a long period of time (after 12:30 UT),
above. The typical difference in the azimuthal directions of this interval is reminescent of a steady magnetic convection
the beams is I’ Hence one gets the orientation of the PCB. event (Mc Williams et al., 2008). The interval considered in
Line-of-sight plasma velocities along the two beams in the F-our study thus appears to be representative of the end of a
region are used to calculate the horizontal plagimaB drift rather long period of ongoing active conditions and could be
velocity component perpendicular to the PCB. This plasmaseen as a sequence of two moderate substorms or more likely
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Fig. 1. (a)Polar view of the WIC count rate obtained on 22 Septem- uT
ber 2001, in magnetic coordinates (noon at top, concentric circles . . . .
every 10 Deg MLAT). The bright dayglow appears as white in the 05E (© 3
upper part of each image. The white arrows show the brightening m = 013262 +/-0.074
at 18:57 UT and its evolution at 18:59 U(R) Auroral AE, AL and 5 o4k ' ;
AU indices recorded on 22 September 2001. E
£ 03F 3
pseudobreakups (as they are followed by the formation of a z ,, E 3
restricted auroral bulge only), followed by a more intense, 2
though still not violent, expansion phase with onset around ¢ E 3
20:00 UT, the three events slightly overlapping each other. l-l
However, the absence of a strong expansion phase, which 0.0 -2"'

would result from vigorous flux closure in the tail, is indeed “ Ijtitude differeﬁce (DEG)
more compatible with the active conditions of an SMC, as de-

duced from the AE and AL values observed on that day. TheFig. 2. (a)Keogram of SI12 counts along the meridian correspond-
observed brightenings could then be considered as the usuaig to the EISCAT field of view on 22 September 2001. The over-
auroral features of SMCs, as (transient) brightenings are oflaid white solid line represents the location of the EISCAT PCB,
ten observed during SMCs (Sergeev et al., 2006). Theséhe dotted lines show the SI12 PCB, and the red solid lines repre-
brightenings could take place because the balance betweei§nt the MCRBs as determined using the MIRACLE magnetometer
flux opening on the dayside and flux closure on the nightside data The vertical dashed line indicates the beginning of net flux
do not exactly compensate each other, so that the magneté., closure. (b) Blowup of the polar cap boundaries determined dur-

h il lat f tal | slightly ab its ing the interval with simultaneous EISCAT observations, with the
sphere stif accumulates open fliux at a level slightly above 1S, e jine conventions as in panel (&) Distribution function of

pOSSIIble steady state, that has to be eventually closed somge gitference between the latitude of the SI12 and EISCAT PCB.
time later.

Figure 2a presents the SI12 count rate along the merid-
ian crossing the location of the EISCAT VHF beam on 22 neous EISCAT observations. The two boundaries are con-
September 2001. The dotted lines represent the PCB desistent, and generally depart from each other by less than
duced from the SI12 observations and the solid line the~1.5 MLAT. Figure 2c shows the distribution of the dif-
boundary deduced from the EISCAT data. Figure 2b showderences between the EISCAT and SI12 boundaries. The
the location of the PCBs during the interval with simulta- size of the bins used to construct the distribution is chosen
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such that, in the intervak{— o, m + o), the number of data
points per bin is equal to 12 on average. The average dif-
ference isn ~ —0.56+0.07 DEG MLAT, and the standard
deviation of the distribution is ~ 1.10 DEG MLAT. (The

average value of the absolute difference is £0D5 DEG

MLAT.) The EISCAT boundary is thus located slightly pole-
ward of the SI112 boundary, but by an amount nearly equal
to the SI12 resolution on average. The EISCAT and SI12 po- ik S
lar cap boundaries show the same equatorward motion before &”

19:50 UT, possibly similar to the substorm growth phase, and 12

the same poleward retraction of the boundary as magnetic

flux is closed during the (weak) expansion-like phase after 4 '\ L ,==\_“l 1 1 o0
20:02 UT. Before the main poleward motion of the boundary Ea&* \\.’ ‘\&‘)’j 1200
(i.e. before 19:50 UT), the average difference between EIS- 600

CAT and SlI12 isn ~ —0.84+0.11 DEG MLAT, with a stan-
dard deviationo ~ 1.04 DEG MLAT. During the poleward
motion of the boundary between 19:50 and 20:20 UT, an in-
terval of flux closure, we find: ~0.35+£0.17 DEG MLAT
ando ~ 0.17 DEG MLAT. Between 20:20 and 21:00 UT,
the boundary location is fairly stable, suggesting a recovery
phase. For that part of the interval, we have an average dif-
ferencem ~ —0.16+ 0.18 DEG MLAT ando ~ 1.09 DEG

MLAT. After 21:00 UT, the boundary moves back equator-

ward as the magnetosphere starts accumulating open flux
again. The magnetosphere completes recovering, and posslg—

bly starts the growth phase of the next substorm, and we find ig. 3. (a)Polar view of the WIC count rate obtained on 17 Febru-

. ary 2002, in magnetic coordinates (noon at top, concentric circles
m~ —0.81:£0.13 DEG MLAT, witho ~1.01 DEG MLAT. every 10 Deg MLAT). The bright dayglow appears as white in the

Nine DMSP passes are also available at different MLT seC-pper part of each image(b) Auroral AE, AL and AU indices
tors between 17:45 and 23:20 UT from which the PCB mayrecorded on 17 and 18 February 2002. The vertical dotted lines
be identified, allowing a comparison with the SI112 observa-indicate substorm onsets.
tions. On average, the SI12 boundary is fountl5 DEG
MLAT equatorward of the DMSP boundary.

The red solid lines in Fig. 1a and b show the MCRB lo- 00:30 UT the next day. The EISCAT PCB was determined
cations as determined from the MIRACLE data. Throughoutbetween 22:31 and 22:58 UT (midnight MLT sector) and
this paper, a suitable time smoothing is applied to the EQhe MCRB was determined between 22:00 UT and midnight.
maps in order to filter out the high frequency variations of The auroral activity is weak at the beginning of the inter-
the MCRB location. Before the intensification at 18:57 UT, val. Pseudobreakups are then observed with the IMAGE-
the polewardmost MCRB and the PCB determined from SI12FUV imagers after 21:00 UT, and an expansion onset takes
data are located close to each other. After that until 20:15 UTplace at 22:07 UT followed by the development of an auro-
the Harang discontinuity region is seen (the zero line de-ral bulge as seen in particular in the WIC images shown in
scends in latitude within the region of aurora). During this Fig. 3a. Note that the very slow time development of this
time, the poleward boundary of the westward electrojet (thesubstorm expansion is somewhat unusual, maybe because
upwardmost zero line) is located well poleward of the PCBit takes place at the end of another substorm with onset at
determined by both EISCAT and SI12, by somdé DEG  21:26 UT. Indeed, the AE, AL and AU indices do not allow a
at worst. Only after 20:15UT do the MCRB and the PCB clear identification of the onset at 22:07 UT despite the sharp
roughly coincide. Similar behaviour within the Harang re- AU increase between 22:07 and 22:12, because the activity
gion is shown in Pitinen et al. (2009a, b). Interestingly, remains high after 21:26 UT (Fig. 3b). The onset at 22:07 UT
a part of the equivalent current is found to flow in a region occurs as the recovery phase of the previous substorm is not
threaded by open field lines. completely finished. Indeed, observations from the IMAGE

magnetometer chain (not shown) indicate significant contin-

ued activity between 21:20 and 23:00 UT. We also compute
4 17 February 2002 the opening and closure reconnection voltages combining the

S112 and SuperDARN observations. This shows that the flux
On 17 February 2002, IMAGE-FUV SI12 observations can closure rate grows progressively after onset. It changes from
be used to estimate the PCB location from 20:30 UT until ~50kV to ~90kV after~10min, and then remains larger

ae, al, au (nt)

N
-
>
N
il

. 1 1 1 1 1
20:00 21:00 22:00 23:00 00:00 01:00
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MLT deviation ofo ~ 1.01 DEG MLAT (Fig. 4c). (The average
O OLOT 006 ? absolute difference is 0.890.14 DEG MLAT). During this

SI12 counts

interval, the average SI12 boundary location is thus located
somewhat poleward of the EISCAT boundary, opposite to the
situation in Fig. 2, but along the same lines as is found be-
tween 19:50 and 20:20 UT on 22 September 2001, i.e. dur-
ing active conditions. However, the S112 PCB shows rather
large oscillations which are not believed to be real, but pro-
duced by the Fourier analysis method used (oscillations are
also present in the 22 September 2001 event), that tends to re-

2100 22:00  23:00 produce noisy variations of the SI12 boundary versus MLT.

Ut _ _ : :
Time smoothing, generally applied for the computation of
0038 0044 0080 0056 oLl reconnection voltages for example, will reduce these oscilla-

8F ;N ] tions.
P For comparison, three coincidental DMSP passes were
found between 21:40 UT on 17 February and 00:30 UT on 18
February, from which the OCB can be identified. On aver-
age, the SI12 boundary was found to06.98 DEG MLAT
poleward of the DMSP boundary. During part of the inter-
val, the PCB location could also be determined using obser-
vations of the Ol 630 nm emission from the Longyearbyen
all-sky camera station (Blanchard et al., 1995). As shown in
. ) ) ) ) Fig. 4b, the 630 nm boundary corresponds well to the EIS-
2230 2236 22:42 2048 22:54 CAT boundary, which may be expected since the Ol 630 nm
UT emission is also excited by the electron aurora. The con-
tour plot of the MCRB deduced from the MIRACLE magne-
tometer data, represented by the red solid lines in Fig. 3a and
m = 0467 +-0.199 b, also corresponds well to the SI12 and EISCAT polar cap
03F 3 boundaries. (Between23:00 and~23:50 UT, the MCRB is
located outside of the area covered by the MIRACLE data.)
The three boundaries consistently capture the poleward mo-
tion expected during the substorm expansion phase.

The location of the open-closed field line boundary is gen-
01F E erally not investigated for its own sake, but rather in order to
estimate magnetic reconnection voltages, thus setting the ob-

0.0 ) A ) 1. ) servations in a magnetospheric context. The estimated volt-
-4 'iatitudeodifferenfe (DEG)“ 6 ages not only deper_ld on th_e boundar_y Iocatpn gnd motion,
but also on the estimated ionospheric electric field. This
Fig. 4. Same as Fig. 2 for 17 February 2002, with, in addi- last dependancg can be an impo.rtant source of uncertainty,
tion, the polar cap boundary deduced from observations of thedt least locally, in circumstances in which the details of the
01 630 nm emission at Longyearbyen represented by the dashed lin€nospheric electric field are poorly known, in addition to
in panel(b). the uncertainty affecting the estimated OCB location itself.
The reconnection electric fielHec can be calculated from
the EISCAT measurements during this interval because of
than 90KkV for~40 min, consistent with the FUV imaging the dual-beam mode, giving a high resolution knowledge of
that shows poleward retraction of the polar cap boundary durthe ionospheric electric field. The combination of the SI12
ing this interval. This is an unusual time scale for a substormboundary location and the plasma velocity measured by the
expansion phase. SuperDARN radar also allows us to determine the reconnec-

Figure 4 presents results in the same format as Fig. 2, withion electric field along the whole OCB boundary (Hubert
in addition the polar boundary of the Ol 630 nm auroral emis-et al., 2006a). The computation of the velocity of the SI12
sion (see next paragraph). The EISCAT PCB and the Sl1doundary requires time smoothing, and sliding averages over
PCB are both available while the polar cap boundary retractd2 min have been used. Figure 5 shows the reconnection
poleward, i.e. during the intense flux closure of the expan-electric field deduced from the EISCAT observations and
sion phase. They correspond well to each other with an averthat obtained by combining the SI12 and SuperDARN obser-
age differencen ~ 0.47+0.20 DEG MLAT, and a standard vations at the longitude of the EISCAT measurements. No

MLAT (DEG)

04 (©) 3

Distribution function
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Fig. 5. Reconnection electric field at the OCB determined using
EISCAT observations (diamonds) and SI12 and SuperDARN data
(stars) on 17 February 2002.

ae, al, au (nt)

EISCAT data were available at the time of the onset, and we 900 2000 T e 0 00:00
cannot compare the electric field prior to and after the onset o

Y\"th a high resolution. The EISCAT.data 'nd'cate t'ﬂﬁ&c Fig. 6. (a) Polar view of the WIC count rate obtained on 7 Decem-
is about 15mV m* at 22:32 UT, while 5min later it sud-  per 2000, in magnetic coordinates (noon at top, concentric circles
denly increased to 60 mV i, and then slowly decayed un-  every 10 Deg MLAT)(b) Auroral AE, AL and AU indices recorded

til 22:45 UT. Within the same time interval, the S112 estimate on 7 December 2000. The vertical dotted lines indicate the auroral
shows a very smooth behaviour with a value of 35mVAn  brightenings observed at 21:47 and 21:57 UT.

and with a slow decay towards the end. The average val-

ues of both methods are very close to each other during this

part of the interval, although only Eiscat can captured thepart of the interval seems clearly related to the lack of Su-
detailed variations. After 22:46 UT, two short-lived (about perDARN data coverage over Scandinavia, rather than to a
5 and 6 min) intensifications ifiye; Were observed by EIS- difference in the estimated OCB location.

CAT, but Erec from SI12 is clearly lower than the values from

EISCAT. The difference irEec during the first part of the in-

terval can be explained by the averaging method used for th& 7 December 2000

SI12 data, but for the latter part of the interval other factors

must contribute. There was no SuperDARN coverage oveOn 7 December 2000, IMAGE-FUV data offer a full cov-
Scandinavia at that time, so the ionospheric plasma velocityerage of the northern oval after 18:20 UT. Our study of this
was reconstructed using a statistical model and interpolatiorinterval differs form that of @stgaard et al. (2005) who com-
(Ruohoniemi and Greenwald, 1996; Ruohoniemi and Bakerpared the WIC images with the data from the EISCAT ESR
1998) that can miss the local details of the ionospheric con+adar, located in the Svalbard archipelago. These images
vection and thus of the associated electric field. In this caseshow a series of pseudobreakups or a minor expansion phase
the contribution of the SuperDARN-based model plasma ve-that take place between 20:30 and 21:16 UT. Such a pseu-
locity to the reconnection electric field is small compared to dobreakup takes place at 20:50 UT, as shown in Fig. 6, for
the contribution of the OCB motion obtained from the SI12 example. A strong substorm expansion phase then devel-
instrument. The latter is the main contributing factor (not ops after 21:47 UT particularly after the auroral brightening
shown) gives an average value of about 23 mVArhetween  seen at 21:57 UT, as it also appears in the AE and AL indices
22:30 and 23:00 UT, while the estimated ionospheric electric(Fig. 6). A large part of the auroral brightening develops over
field produces only a few additional mvhs, both esti-  Scandinavia, allowing us to analyze it with the EISCAT radar
mated contributions varying rather smoothly. On the othersystem and the MIRACLE magnetometer network. MIRA-
hand, the EISCAT radar measures both plasma and bounda@LE data are available throughout the interval, whereas the
motions with a high temporal (1 min) and spatial resolution. PCB can be determined using the EISCAT radar system be-
The discrepancy between the two methods during the latetween 20:55 and 21:32 UT (premidnight MLT sector), when
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MLT deduced from the electron temperature using EISCAT in this
23:49 00:19 ¢

case is thus found to be significantly poleward of that of the
proton precipitation detected by S112.
n Prior to 20:40 UT, the SI12 PCB and the MCRB match
595 each other with an accuracy better thardliring more than
10 min (Fig. 7a). A difference of°lis comparable with the
SI12 resolution. After that, the Harang discontinuity appears
in the MLT sector studied (the red zero line in the middle of
the oval in Fig. 5a). The most poleward zero line indicat-
ing the poleward boundary of the westward EQJ is located
20:30 21 up to  MLAT poleward of the EISCAT PCB, which is lo-
cated several degrees poleward of the S112 PCB, suggesting
2320 2335 23-44 that the westward current is present in regions threaded by
- y ) open field lines during a part of this interval as well. After
21:30UT the MCRB and SI12 PCB both drift equatorward,
as open magnetic flux is accumulated. This accumulation is
relaxed in an expansion phase that develops after 21:47 UT
as mentioned earlier.
The resolution of the SI12 instrument projected on the
. 3 planet is~1° MLAT. Moreover, a slight uncertainty in the
68 H o pointing data from the IMAGE satellite can never be totally
ruled out. The latitudinal resolution of the EISCAT data is
0.3-0.8 DEG MLAT. As a consequence, it is unlikely that the

SI12 counts

2 r

MLAT (DEG)

21:00 D 212 difference in OCB proxies can be fully explained by instru-
UT mental effects. A possible explanation could be the extension
© T of the electron oval well poleward of the proton oval.
025F m=-1874+-0214 ] For comparison, a coincidental DMSP-F15 observation
5 s was available at 20:50 UT around 09:17 MLT, with an OCB
3 020F 3 located~1.1 DEG MLAT equatorward of the SI12 boundary.
5
S 0I15F 3
2
é

010 | 6 Discussion and conclusions

005k ] We have presented a comparison between the PCB loca-
tion determined using IMAGE-FUV SI12 and EISCAT radar
0.00 ~ ~ ~ ~ L . 7 data, and have compared these also with the'MCRB dgduced
Latitude difference (DEG) from the MIRACLE magnetometers. We studied three inter-
vals having coincident coverage with these instruments. It
Fig. 7. Same as Fig. 2 for 7 December 2000. is clear that boundaries obtained during a given interval all

show the same trend, but the differences can change from

one interval to the other. On 7 December 2000, the EIS-

o CAT boundary was found several degrees poleward of the

the poleward boundary of the auroral oval is fairly stable atg|15 poundary, suggesting electron precipitation poleward
high latitude, so that this situation is likely representative of ¢ 1o proton aurora. On 22 September 2001 and 17 Febru-
the recovery phase. ary 2002 the average difference between the OCB proxies

Figure 7a shows the SI12 count rate along the meridiarobtained from EISCAT and SI12 data are within the res-

corresponding to the EISCAT radar field of view in the in- olutions of observations, but individual proxies may differ

terval 20:20-22:02 UT on 7 December 2000. The generakven by several degrees. However, the methods used rely
trends of the EISCAT and S112 PCBs, also shown in Fig. 7b,on different measured parameters and work at different spa-
are roughly comparable, although it is found that the lati- tial scales, so it is perhaps not surprising that they can pro-

tude of the SI12 boundary decreases with time faster thamluce somewhat different boundary locations. The most im-
that determined by EISCAT, with an average discrepancy ofportant result is that both boundaries consistently capture the

m~ —1.87+£0.2 DEG MLAT. The standard deviation of the expected motion of the polar cap during the substorm cy-
latitude difference is ~ 1.28 DEG MLAT (Fig. 7c), but dif-  cle, which shows that both methods can be used to represent
ferences up te-5 DEG MLAT can be found. The boundary the loading-unloading cycle of the magnetosphere with open
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