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Abstract. A statistical comparison of the latitude of the cal magnetic reconnection rate in the magnetospheric system
open/closed magnetic field line boundary (OCB) as esti-(Chisham et al., 2008, and references therein). Such remote
mated from the three far ultraviolet (FUV) detectors onboardsensing requires the accurate determination of the boundary
the IMAGE spacecraft (the Wideband Imaging camera, WIC,in the ionosphere between magnetic field lines of open and
and the Spectrographic Imagers, Sl-12 and SI-13) has beecdlosed topology.

carried out over all magnetic local times. A total of over Many different ionospheric measurements may be em-
400000 OCB estimations were compared from Decembeployed to determine the location of the open/closed magnetic
2000 and January and December of 2001-2002. The moddield line boundary (OCB) in the ionosphere. These include
latitude difference between the FUV OCB proxies from the optical measurements from all-sky cameras, imaging space-
three detectors is smalk:1°, except in the predawn and craft and meridian-scanning photometers (Blanchard et al.,
evening sectors, where the SI-12 OCB proxy is found to be1995, 1997; Sandholt et al., 1998; Brittnacher et al., 1999),
displaced from both the SI-13 and WIC OCB proxies by up particle precipitation signatures from low-altitude spacecraft
to 2° poleward in the predawn sector and by up toegua-  (Newell et al., 1991, 1996; Sotirelis and Newell, 2000) and
torward in the evening sector. Comparing the IMAGE FUV measurements from incoherent and coherent scatter radars
OCB proxies with that determined from particle precipitation (Baker et al., 1995; Blanchard et al., 1996, 2001; Milan et
measurements by the Defense Meteorological Satellites Praal., 1999: Chisham et al., 2001, 2002; Lester et al., 2001;
gram (DMSP) also shows systematic differences. The SI-12Chisham and Freeman, 2003), or a combination of all of
OCB proxy is found to be at higher latitude in the predawn these (Milan et al., 2003). Unfortunately, most of these mea-
sector, in better agreement with the DMSP OCB proxy. Thesurements suffer from only partial coverage of the auroral
WIC and SI-13 OCB proxies are found to be in better agree-oval at any one time, making a global determination of the
ment with the DMSP OCB proxy at most other magnetic lo- OCB difficult. Particle precipitation boundaries (PPB) mea-
cal times. These systematic offsets may be used to corregiured by low-altitude spacecraft (such as the Defence Me-
FUV OCB proxies to give a more accurate estimate of theteorological Satellite Program (DMSP) spacecraft) provide
OCB latitude. the most direct and precise determination of boundaries be-

Keywords. lonosphere (Active experiments) — Magneto- tween different plasma regions, including the OCB. How-

spheric physics (Auroral phenomena: Instruments and tech€Ver, these spacecraft only cross the OCB in two magnetic
niques) local tlmg (MLT) sectors in each hemisphere in any one orbit
(~100 min for the DMSP satellite) and therefore can not be
used to determine the global location of the OCB.

Currently the best method for estimating the global loca-
tion of the OCB is from images of the aurora taken by satel-
New insights into the physics of magnetic reconnection, in-les. However, recent studies have shown that there are SYs-
cluding its continuity, extent and controlling factors, have tematic differences pf uptoa f'ew degrees betwgen the lati-
been provided by remote measurements of the global and Iot-Ude. of 'the bogndarles .d'ete.rmlned from auroral images and
the in-situ particle precipitation measurements (Kauristie et
Correspondence td?. D. Boakes al., 1999; Baker et al., 2000; Carbary et al., 2003). Carbary

(p.boakes@ion.le.ac.uk) et al. (2003) studied the statistical discrepancy between the

1 Introduction
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DMSP OCB proxy and an OCB proxy derived from auroral ing Camera (WIC) has a bandwidth of 140-180 nm, observ-
images taken in the Lyman-Birge-Hopfield “long” (LBHL) ing emissions from the N2 Lyman-Birge-Hopfield band and
band (164-178 nm) by the Ultra-Violet Imager (UVI) on the atomic NI lines. The Spectrographic Imager SI-12 observes
Polar spacecraft. They showed that the largest discrepanche proton aurora with a pass band of 5nm centered on the
occurs in the predawn sector ionosphere, with the DMSP121.82 nm Doppler-shifted Lymam-and the SI-13 detec-
proxy found up to~3.5° poleward of the UVI proxies at tor observes the “excited electron aurora” with a pass band
05:00 MLT. A very similar discrepancy was found in the of 5nm centered on the 135.6 nm Ol doublet. WIC offers
predawn sector ionosphere by Chisham et al. (2005), comthe best spatial resolution of approximately 50 km at apogee,
paring the DMSP OCB proxy with an OCB proxy pro- compared to approximately 100 km offered by both spectro-
vided by the Super Dual Auroral Radar Network (Super- graphic imagers. IMAGE was operational from May 2000 to
DARN) Spectral Width Boundary (SWB). Wild et al. (2004) December 2005, when the spacecraft failed. In this study we
presented a case study in which the latitudes of both theise data from December 2000 and January and December of
SWB OCB proxy and the OCB estimated using the Wide-2001 and 2002. After this date the camera pointing became
band Imaging Camera (WIC) (140-160 nm) onboard the IM-less reliable such that the position of the auroral oval may
AGE spacecraft were placed several degrees equatorward e offset from its true position by up té bf latitude. We
the OCB PPB proxies determined from Cluster, DMSP andonly use images from December and January as dayglow is
FAST spacecraft measurements obtained simultaneously imuch less prominent in these months; whilst in other months
the predawn sector. However they showed that the OCBdayglow often swamps the dayside auroral oval, particularly
determined from the Spectrographic Imager SI-43333—  in the WIC data, making the estimation of the dayside OCB
138 nm) on board IMAGE was closely co-located with the latitude impossible.
OCB PPB proxies. They concluded that in the dawn sec-
tor ionosphere the SWB and the poleward boundary of auro2.1 Identification of IMAGE FUV OCB proxies
ral emissions measured by WIC were unreliable proxies for
the OCB in this case, with the poleward boundary of SI-13Intensity-latitude profiles of the auroral oval are created by
emissions providing a more accurate proxy. Other studiefveraging the FUV intensities in bins of one degree of mag-
have used the poleward boundary of SI-12 auroral emissiometic latitude and one hour of MLT. Examples of intensity-
(~119-124 nm) in preference to WIC or SI-13 OCB prox- latitude profiles are shown in Fig. 1la—c, where the binned
ies due to the reduced level of dayglow, making boundarydata are represented by diamonds. All data presented in this
estimation possible even in summer months (Hubert et al.paper are in AACGM coordinates.
2006). However, these studies did not consider if SI-12 gave We use a modification of the method of Carbary et
the most reliable estimation of the OCB location. Using IM- al. (2003) (hereafter called the FUV OCB estimation
AGE FUV data, Mende et al. (2003) also noted that the pro-method) to estimate the location of the OCB in each 1 h MLT
ton aurora was found to be displaced equatorward of the elecsector. This method involves fitting a Gaussian function plus
tron aurora for dusk local times and poleward for dawn locala quadratic background to the intensity-latitude profiles from
times during all phases of substorms. a single 1 h MLT sector. Although the method of Carbary
In this paper we compare, statistically, the magnetic lati-€et al. (2003) was developed using data from the Polar Ultra-
tude of the OCB as estimated from auroral images from theviolet Imager, Lam et al. (2006) have shown that the same
WIC, SI-12 and SI-13 Far Ultra-Violet (FUV) detectors on- method can be successfully applied to other auroral imagers.
board the IMAGE satellite (FUV OCB proxies) and from  The solid curves in Fig. 1a—c represent a fit to the binned
DMSP particle precipitation measurements (DMSP OCBdata using a non-linear least-square fit (using the IDL Gauss-
proxy). In Sect. 2 we set out the method of FUV OCB esti- fit routine) to the following function:
mation using a modified method of Carbary et al. (2003) and )
compare the FUV OCB proxies. In Sect. 3 we compare the [ 1 (A A1> } At AghdAsh? )

FUV OCB proxies with the DMSP OCB proxy. We discuss T()=Aoexp "2 Ao

these results and their implications for accurately estimating

the latitude of the OCB at all magnetic local times in Sect. 4,wherex is the magnetic latitude andlo—As are coefficients

and finally we summarise our findings in Sect. 5. of the fit. The Gaussian part of Eq. (1) is assumed to rep-
resent the auroral oval and the quadratic background is as-
sumed to include extraneous airglow, off-axis radiance, or

2 Comparison between IMAGE FUV OCB proxies unwanted non-oval aurora. A fit is assumed to be successful

if the following criteria are satisfied:
The FUV imager onboard the IMAGE satellite (Mende et

al., 2000a, b) consists of three detectors observing the au- 1. The intensity of the GaussiaAp, exceeds 5 counts (we
rora with a temporal resolution of two minutes (limited by use corrected counts from the IMAGE data, where cor-
the spin period of the spacecraft). The Wideband Imag- rections for flatfield, gain of the MCP etc. have been

Ann. Geophys., 26, 2752¥69 2008 www.ann-geophys.net/26/2759/2008/
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Fig. 1. (a—c)Intensity-latitude profiles (left-hand column) across a 1 h MLT sector (18:00—19:00 MLT{dasfidimages of the auroral oval
(right-hand column), with magnetic local noon at the top of the figure, for 20:40:09 on 26 December 2000. Rows correspond to data from
three different IMAGE FUV detectors, SI-12 (top), SI-13 (middle) and WIC (bottom). Average intensities in bins of one degree magnetic
latitude are shown by diamonds and the Gaussian plus quadratic background fits to these points are shown by the solid curves. The positiol
of the OCB proxies are marked by the vertical solid lines and overplotted on the auroral images by red diamonds.

applied so that one Rayleigh of emission always pro- 3. The Gaussian FWHMAL=2A,+/21n2) exceeds‘l

duces the same number of counts wherever in the CCD).
) 4. The ratio of the background at the center of the Gaussian

2. The magnetic latitude of the peak of the Gaussian, (B=A3+A4.A1+A5.A§) to the peak of the Gaussian,
is between 50and 853 magnetic latitude. Ag, does not exceed 0.2.

www.ann-geophys.net/26/2759/2008/ Ann. Geophys., 26, 27883-2008
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5. AA<0.3(Amax—Amin). The Gaussian width spans less (06:00-18:00 MLT) we reject an OCB proxy if it has
than 30% of the latitude bins which have non-zero in- been placed over five degrees poleward or equatorward
tensity. of the proxy found in the previous MLT sector. If the

previous MLT sector has not produced a proxy we use

the next earlier MLT. If this has also not produced a

proxy the MLT sector tested is rejected.

The latitude of the OCB).ocs (shown by the vertical lines
in Fig. 1a—c and overplotted on the auroral images (Fig. 1d—
f) by diamonds), is assumed to be displaced poleward of the

centre of the auroral oval by the Gaussian FWHM such that If an OCB proxy has not been identified by this point, in a
bid to remove dayglow from the fit, we shift the lower limit

AocB = A1+ AL ) of the latitudes included when creating the intensity-latitude

By visually inspecting the data we note that on occasionpmf_”es to higher latitudes in steps of one degree until an esti-
the FUV OCB estimation method produces a latitude pro-mat'on of the O_CB can be found (by reapplyln.g allthe gbove
file meeting the given criteria above but which results in an FUV OCB estimation method) up to a maximum latitude

apparently inaccurate boundary estimation (displaced severéﬂ"’ver limit of 80°. A similar correction as above is applied

degrees in latitude from the location estimated by eye). We>" the nightside, 00:00-06:00 MLT and 18:00-24:00 MLT, if

have identified two particular reasons why these errors occu}‘he OCB is located over’gpoleward or eq.uato!'war.d of ad-
and correct as follows: Jacent MLTs. The larger value on the nightside is used as

we find (from visual inspection) that the latitude of the OCB

1. The auroral oval can often display a double oval config- can legitimately change by between 5-8 degrees, particularly

uration (Elphinstone et al., 1996) causing the intensity-around the auroral bulge where at substorm onset the latitude

latitude profiles to have a multiple peaked nature with of the OCB is rapidly changing.

two or more Gaussian like components. Normally the These extra criteria remove many erroneous OCB estima-

Gaussian fitting procedure will fit to the most equator- tions. However, we can not catch all bad estimations, as seen

ward peak and include the more poleward peaks in then Fig. 1f 11:00-12:00 MLT, where the OCB proxy is placed

quadratic background part of the fit. To find the most ac-equatorward of the poleward edge of the WIC auroral emis-

curate location of the OCB we must include these moresion but is just within the five degree condition. These criteria

poleward peaks in the Gaussian part of the fit. We dowill also not catch poorly estimated OCB proxies if several

this by searching for the most poleward peak meetingpoorly estimated proxies have been made in several adjacent

the criteria 1-5 as follows. The intensity-latitude pro- MLT bins.

file must decrease in intensity over at least two degrees

of magnetic latitude in the poleward direction from the 2.2 Comparison between FUV detectors

latitude of the last peak found, followed by an increase o
over at least two degrees of latitude. Once a new max-"V€ apply the FUV OCB estimation method to every FUV au-
imum in intensity is found the intensity must decrease '°ral image obtained by IMAGE from the months of Decem-

again over at least two degrees of magnetic latitude. Théjer 2000 and D‘?Cembef apd January 2001-2002. Comparing
Gaussian fitting procedure is then applied to the most™ YUY OCB proxies from different cameras at the same UT
and MLT gives a total of 499 273 comparisons between WIC
and SI-12 OCB proxies, 543 505 comparisons between WIC
and SI-13 OCB proxies and 408 753 comparisons between
ous peak in the fitting routine. This will also effectively SI-12 and SI-13 OCB proxies, and over 4000 comparisons in

remove dayglow from intensity-latitude profiles when each hour M,LT bin. i
a clear drop in intensity exists between the poleward €t us define the latitude of WIC, SI-12 and SI-13 OCB

edge of dayglow and the equatorward edge of the auProxies asiwic, isi-12 and isi-13, respectively. Fig-
roral oval. ure 2 shows distributions of the latitude differences between
matched WIC and SI-12 OCB proxiesfic-Asi—12) for four
2. Dayglow often extends close to or onto the auroral oval,1-h MLT bins. Positive values of latitude difference are de-

often completely swamping it in the summer months. fined such that the WIC OCB proxy is at higher latitudes than
The poisson noise associated with the dayglow can behe SI-12 OCB proxy. Crosses in Fig. 2 represent the num-
larger than the auroral signature itself. In most casesber of occurrences of latitude differences between WIC and
the criteria 1-5 reject any identification of the OCB. SI-12 OCB proxies in bins of 0°2magnetic latitude. In or-
However occasionally this is not the case and the Gauseder to reduce small statistical uncertainty smoothing has been
sian function is fit to the dayglow emission rather than applied to the distributions three times using boxcar averag-
the auroral oval emission, placing the OCB estimate ating over five points. Large boundary differences can be seen
the poleward edge of the dayglow, as seen at 11:00-n the tails of these distributions. Visual inspection of these
12:00 MLT in Fig. 1f. Extra criteria are used to try points shows that they occur when a poor boundary estima-
and eliminate these cases as follows. On the daysidéion has been made, and has not been caught by the criteria

poleward peak identified below 83nagnetic latitude
by including only latitudes more poleward of the min-
imum between the most poleward peak and the previ

Ann. Geophys., 26, 2752769 2008 www.ann-geophys.net/26/2759/2008/
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Fig. 2. Frequency distribution of the difference between the latitude of WIC and SI-12 OCB proxies for 00:00-01:00, 06:00-07:00, 12:00—
13:00 and 18:00-19:00 MLT. Crosses represent the number of boundary difference$ bin8.2f magnetic latitude, red vertical lines
represent the mode of the distribution and black vertical lines the mean.

discussed above, in one or both of the FUV cameras. We__
characterise the latitude difference between the FUV OCB
proxies by the mode of the distribution (shown by the red &,
vertical lines in Fig. 2), since this is insensitive to the pres- o
ence of these outliers. Black vertical lines represent the mean§
of the distributions. 5
Figure 3 shows the variation of the modal FUV OCB proxy =
latitude differences with MLT, fokwc-Asi—12 (blue), Awic- E
Asi—13 (black) andis|—13-Asi—12 (yellow). To put the vari- 9
ation in context we also provide some information on the =
width of the distributions and the error on the mode. The 2
width of the latitude difference distributions (Fig. 2) is esti- 00-00 06-00 12:00 18:00 24-00
mated by moving out from the mode (red line Fig. 2) in steps ’ ) MLT ’ '

of one 0.2 degree bin in both positive and negative directions

to find the latitude range within which 68% of the points lie Fig. 3. Mode of OCB proxy latitude differences fagy,c—igi—12
(which would be equal to the standard deviation for a Gaus-pjye), ayyic—Asi_13 (black) andis_13—Asi_12 (yellow). The
sian). We estimate the error on the mode by dividing theestimated widths of the distributions (explained in the text) are of
width by /N, whereN is the number of points in each bin order 2 and the estimated errors on the modes-aded1°.

of MLT (equivalent to the standard error on the mean for a

Gaussian). The estimated widths are approximatelgriti

the estimated errors on the mode a1@01°.

www.ann-geophys.net/26/2759/2008/ Ann. Geophys., 26, 27883-2008
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Table 1. Coefficients of the weighted second-order fit to modal three times using .a b-oxc-ar averagg over f|ve points. Figure 4
latitude differences between DMSP OCB proxies and Polar UvI Shows example distributions of latitude differences between

proxies (from Carbary et al., 2003) and IMAGE FUV OCB proxies. PMSP and WIC OCB proxies for four 1-h MLT bins. The
N is the number of OCB proxies compared in each comparison. Smoothed latitude differences are shown by the crosses and
vertical lines show the mean (black) and modes (red) of the
Carbary etal. (2003) WIC SI-12  SI-13 distributions. The distributions are skewed to the right such
that there is a higher probability of finding a DMSP OCB

go 2‘?2 _10'1132 01'3297 %5979 proxy at a significantly higher latitude than the equivalent
Dl 1'48 1'08 _0'17 0 éo FUV proxy than there is of finding an FUV OCB proxy at a
C; ~0.79 012 046 —0.07 higher latitude. We suggest three possible factors which may
Dy 038 106 -003 102 contribute to these large differences:

N 11244 2462 1704 1838

1. The method of FUV OCB proxy estimation. When a
poor FUV OCB proxy estimation is made (and are not
caught by the criteria discussed in Sect. 2.1) it is nearly
always placed equatorward of the poleward edge of the
auroral oval emission and is therefore more equatorward
of the equivalent DMSP boundary than should be the
case.

The modal latitude differences between WIC and SI-13
OCB proxies (black curve Fig. 3) are relatively smal).8.
Modal latitudinal differences between WIC and SI-12 OCB
proxies and between SI-13 and SI-12 OCB proxies (blue
and yellow curves respectively) are also small in the 07:00— 2. The use of finite MLT and UT windows in the com-
17:00 MLT range. In the predawn sector SI-12 boundaries parison procedure. The fine scale structure of the OCB
are found to be located poleward of both WIC and SI-13 by may change by small amounts over these window sizes.
between 1-2°. Conversely SI-12 boundaries are also found Reducing the size of the windows reduces the width of
to be located at greater than 1 degree equatorward of both  the distributions but also reduces the number of com-
WIC and SI-13 in the 18:00—23:00 MLT range. parisons available.

3. Failure of the DMSP OCB estimation procedure. The

3 Comparison with DMSP auroral boundaries DMSP OCB estimation is made using an automatic al-
gorithm which will occasionally fail.

In this section we compare the latitude of the FUV OCB o ]
proxies with the latitudeXomsp) of the OCB proxy obtained 'I_'he njean.of the d|str|but.|on,.shown by the black vertical
from the DMSP satellite (determined using the method oflines, is shlfteq tqwar_ds this tail, and so we thergfore. use the
Sotirelis and Newell, 2000). We use five DMSP spacecraftmOde of the distributions, show_n b_y th_e red vertical lines, to
(F11-15) for the years 2000-2001. On the nightside, thecharacterise the centre of the distribution.
OCB is given by the b6 boundary which marks the transition ~Figure 5a—c shows the variation with MLT of the modal
from the poleward edge of the sub-visual drizzle region tolatitude differences between the FUV and DMSP OCB prox-
particle fluxes below detectable levels or the first encountei€S- The horizontal lines at the center of the estimated error
with polar rain. On the dayside the OCB is given by the docPars represent the mode of the latitude dlﬁerences in bins of
boundary, located where there is an unambiguous transitioft " MLT. Thin error bars represent the estimated width and
between precipitation characteristic of open and closed fieldn€ thick error bars represent the estimated error on the mode
lines. The central plasma sheet, boundary plasma sheet arftf €xplained in Sect. 2.3. Due to the relatively low num-
Low Latitude Boundary Layer (LLBL) are considered to be Pe€r of DMSP-FUV OCB proxy comparisons the estimated
closed, and cusp, mantle, open LLBL, polar rain and voigWidths are fairly large (3-4°), excegdlng the size of the off- '
are considered to be open. If any of these transitions arsets themselves, although the estimated error on the mode is

not clear, because of ambiguities in the region, then an ocgmaller 1°).
proxy is not identified (Chisham et al., 2005). Following the method set out by Carbary et al. (2003) we

The DMSP OCB proxy is compared to the closest (in bothfit & continuous function to the data which extrapolates into
UT and MLT) FUV OCB proxy within+0.5 h of MLT and MLTs where no DMSP boundaries are available. Awelghted
+10min of UT, producing over 1700 total comparisons for second-order harmonic fit is applied to the modal latitude dif-
each FUV detector. However, due to the orbit of the DMSp férences using a least squares fit,
spacecraft, no DMSP boundaries are available in the Northy .y~ 1 . coso-+ D1 sing+C» cos 20+ D, sin 3
ern Hemisphere between 22:00 and 05:00 MLT. (#)=CotCro08p+D1sing+C2 YD2siny - (3)

We bin the latitude differences into bins of 0.5o reduce  whereg is the angle associated with the MLELT x 15°),
the statistical uncertainty and produce a smooth distributiorandC andD are coefficients of the fit. Weights awémax(:)
with one clear peak the distributions have been smoothedvherern is the number of boundary comparisons in each one

Ann. Geophys., 26, 2752769 2008 www.ann-geophys.net/26/2759/2008/
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Fig. 4. Smoothed frequency distributions fapysp—Awic for (a) 06:00-07:00 MLT,(b) 12:00-13:00 MLT,(c) 16:00-17:00 MLT and

(d) 20:00-21:00 MLT in bins of 0.5magnetic latitude. Vertical black lines show the mean of the distributions and red lines represent the
mode.

hour MLT bin. The harmonic coefficients determined by Car- ison between the FUV OCB proxies and DMSP OCB proxy
bary et al. (2003) are used as initial starting values for thewould give us a good estimate of this. However, we note
fitting routine and are listed with the final coefficients in Ta- that at individual MLTs there are inconsistencies between the
ble 1 along with the number of OCB proxies compared for DMSP-FUV comparisons and the inter-FUV comparisons.
each detectorX). Figure 5d shows the resultant fits and the Given the considerably larger number of comparisons used
fit of Carbary et al. (2003) for the case of DMSP and Polarin the inter-FUV comparisons we would like to use these re-
UVI OCB proxies (dashed blue line). sults to enhance our best estimate of the systematic offsets of
Latitude differences between DMSP and WIC or SI-13 the FUV OCB proxies from the (unknown) true location of
OCB proxies display systematic deviations grossly consisthe OCB. We do this by considering characteristic latitudinal
tent with the previous DMSP-UVI study (Carbary et al., offsets of the WIC, SI-12, SI-13 and DMSP proxies, which
2003), with the largest deviations occurring in the predawnwe designate a#, P, E, andD respectively.
sector. Between 07:00 and 23:00 MLT the fits to latitude dif- We relate the characteristic latitudinal offséts P, E,

ferences typically differ by less than a degree. In contrastand D at each MLT to the values shown in Figs. 3 and 5 as
the average latitude difference between DMSP and SI-12 igollows;

larger in the evening sector (16:00—24:00 MLT) and smaIIerW —p={

. . Awic — A +a=x1+ 4

in the morning sector (00:00—07:00 MLT), by up to 2 wic —Asit2 +a =x1+a @)

One of the main aims of this study is to produce an esti-W — E = (Awic — Asi3) + b =x2+0b (5)
mate of any systematic offsets between the true OCB and th

—E=(A —A = 6

OCB proxies from the FUV detectors. Assuming the DMSP sz~ Asig) +¢ =3+ ©

OCB proxy to be the best estimate of the OCB, the compar-D — W = (Apmsp — Awic) +d = x4 +d )
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Fig. 5. Modes of OCB proxy latitude differences between FUV and DM8P,pmsp—Awic: (B) Apmsp—Asi—12 and(c) Apmsp—As|—13-

Bold error bars represent the estimated error on the mode and thin error bars represent the estimated widths (see text for details). Secon
order harmonic fits to the OCB proxy latitude differences are shown by solid curves and compared to the fit of Carbary et al. (2003) (dashed
light blue line) in pane(d).

D — P = (ApMsP — Asi12) + € = x5+ ¢ 8 E—D=(—x2+x3—x4—x5—2x6)/3 (13)

D—FE = {(ipusp— Asi13) + f =x6+ f (9) Figure 6 presents these optimised FUV offsets relative to
the DMSP proxy (Egs. 11-13). The reference DMSP OCB
wherea, b, ¢, d, e, and f are unknown measurement errors proxy is shown by the yellow circle and the characteristic
and <> indicate an ensemble property, for which we have |atitudinal offsets for the WIC (blue), SI-13 (red) and SI-12

used the mode. By comparing the curves in Fig. 3, we find(green) proxies are shown relative to the DMSP proxy. Lati-
that the unknown errors;, b, andc are insignificant and  tyde difference is shown by the radial co-ordinates.

so set them equal to zero (howevelg jfb, andc are consid-

ered to be non-zero, a full treatment leads to the same result). _
To optimally estimate the characteristic latitudinal offsets we4  Discussion
minimize the sum squared errat=d?+¢°+ f2 by setting

dG/d D=0, assumingV, P andE are known. We find In this paper we have compared the latitude of the OCB as

estimated from auroral images from the WIC, SI-12 and SI-
(20) 13 FUV detectors onboard the IMAGE satellite and with the
latitude of the OCB as estimated by DMSP particle precipi-
‘tation measurements.

D=W+P+E+x4+x5+x6)/3
Rearranging Eq. (10) and substituting for Egs. (4—6) we find

W — D = (x1+ x2 — xa — x5 — x6)/3 (11) Figures 3 and 6 show that at most MLTs the average modal
difference in the latitude between the WIC, SI-12 and SI-13
P—D = (—x1+x3—x4—x5—x5)/3 (12) OCB proxies is statistically smalk(1°), although at any one
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MLT bin differences may be larger. Larger average discrep- 12 MLT
ancies are seen in the evening and predawn sectors. In the R
evening (18:00-23:00 MLT) sector SI-12 OCB proxies can
be located between 1-2 degrees equatorward of WIC and SI-
13 OCB proxies and 1-2 degrees poleward of WIC and SI-13
OCB proxies in the predawn (03:00—06:00 MLT) sector. Be-
low we will discuss how the magnetospheric current system
may explain these differences.

In the dawn sector ionosphere region-1 Field Aligned Cur- :
rents (FACs) are directed downward into the ionosphere andw}LBT
vice-versa in the evening sector. Equatorward of region-1
currents are region-2 FACs directed oppositely to region-1
FACs (lijima and Potemra, 1978). Upward FACs are associ-
ated with down-going electrons and are therefore associated
with the WIC and SI-13 electron auroral emission (although
these also have a small contribution from secondary electrons
produced by the proton aurora). The dominant charge carrier
associated with downward FACs is less clear but if they are e
assumed to be associated with down-going protons (Cran- 00 MLT
McGreehin and Wright, 2005) then we may expect down-
ward FACs to be associated with the SI-12 auroral emissionFig. 6. Optimally estimated latitude differences between WIC (dark
We would therefore expect to see WIC and SI-13 auroralP!Ue), SI-13 (red) and SI-12 (green) OCB proxies relative to the
emission poleward of SI-12 emission in the evening sectortitude of the DMSP OCB proxy (yellow). The fit of Carbary et
and equatorward in the dawn sector, as seen in this study. ﬁl. (2003) for Polar UVI boundaries is shown by the black dashed

is also interesting to note that the offsets between EUV prox Ine. Latitude differences between DMSP and Polar UVI OCB
S alsointeresting to note that (n€ ofisets betwee pro “proxies from Carbary et al. (2003) are shown by black rectangles

ies is small on the days_id_e and do not follow the_ morphOI_Ogyand the black dashed line shows the extrapolated fit to all MLTs. Ra-
of the FACs. However, it is known that the location at which gia| co-ordinates represent latitude difference relative to the DMSP

region-1 and region-2 currents switch from upwards to down-ocB proxy in degrees.
wards varies over a large MLT range in this sector depending
on the orientation of the IMB, component (Weimer, 2001).
Over large time scales the average of the IBJFcomponent  strument studies WIC may produce the best proxies for the
is close to zero and therefore the boundary offsets seen amglobal OCB due to its good global correlation with the DMSP
also close to zero in this MLT sector. OCB proxy and its better spatial resolution. We also note that
Figures 5 and 6 show that in the predawn sector the SI-12he FUV OCB proxies are found poleward of the equivalent
OCB proxy is in better agreement with DMSP OCB proxy DMSP proxy at dayside MLTs. Near noon there is frequently
than either the WIC or SI-13 OCB proxies, but is still lo- more particle flux on open field lines (cusp, mantle, etc.) than
cated over 1 equatorward of the DMSP proxy, which is closed, particularly in SI-12 which is likely seeing cusp pro-
thought to be the best proxy for the OCB. Previous stud-tons. DMSP counts the cusp precipitation as open and so
ies (Wild et al., 2004) have suggested that WIC may be arplaces the OCB equatorward of the FUV emission.
unreliable proxy for the OCB in the predawn sector whilst  Figures 5 and 6 confirm that systematic differences exist
others (Hubert et al., 2006) have used SI-12 in preferencdetween estimations of the OCB from DMSP particle pre-
to SI-13 or WIC when determining the global OCB due to cipitation measurements and FUV auroral imagers, similar to
the reduced dayglow in SI-12 rather than the accuracy of thehe differences seen between DMSP and radar derived OCB
detector in determining the location of the OCB. Our study proxies as presented by Chisham et al. (2007). These system-
confirms that SI-12 may be a better estimation for the OCBatic differences may be used to “correct” auroral boundaries
in the predawn sector. However, Figs. 5 and 6 show that ato give a more accurate determination of the OCB. Unfortu-
all later magnetic local times the WIC and SI-13 OCB prox- nately due to the low number of correlations found between
ies are either in better agreement with DMSP proxies or aghe DMSP and FUV OCB proxies and the lack of data avail-
good as the SI12 proxy. The most accurate global determiable in the predawn sector (where the offset is at its largest)
nation of the OCB may therefore be obtained by using thethe uncertainties involved in this correction are not insignifi-
individual FUV detector which has the best correlation with cant. Although we have chosen to use the mode of the OCB
the DMSP OCB proxy in any one MLT sector. For example proxy latitude differences and smoothed to give the most re-
SI12 in the 01:00-07:00 MLT range, WIC at 07:00-08:00, liable distributions we have seen that using the mean of the
SI13 at 08:00-16:00 MLT, SI12 at 16:00-17:00 MLT, SI13 latitude differences, or applying different degrees of smooth-
at 17:00-22:00 and WIC at 22:00-01:00 MLT. For single in- ing, can change the fits to the DMSP-FUV OCB proxies
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differences in the predawn sector (where the fit is interpo-Blanchard, G. T., Lyons, L. R., and Samson, J. C.: Accuracy of
lated) by up to a degree. Therefore, we can only reliably using 6300 angstrom auroral emission to identify the magnetic
trust the DMSP correction where DMSP data are available separatrix on the nightside of earth, J. Geophys. Res., 102, 9697
(06:00-21:00 MLT). However, as a best guess of the location 9703, 1997. .

of the OCB, applying this correction will statistically give a Blanchard, G. T, Lyons, L. R., Samson, J. C., and Rich, F. J.:

. Locating the Polar-Cap Boundary from Observations of 6300
pmrg;?ezccurate result than using the uncorrected FUV OCB Angstrom Auroral Emission, J. Geophys. Res., 100, 7855-7862,
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