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Abstract. In this paper we introduce a new model for the 1 Introduction

location of the auroral oval. The auroral boundaries are de-

rived from small- and medium-scale field-aligned current

(FAC) based on the high-resolution CHAMP (CHAllenging The auroral oval is the region in the ionosphere receiving
Minisatellite Payload) magnetic field observations during thethe main part of the magnetospheric particle precipitation.
years 2000-2010. The basic shape of the auroral oval is corit usually appears as luminous bands surrounding both ge-
trolled by the dayside merging electric fielffm, and can ~ ©magnetic poles at ionospheric altitudézlfstein 1963

be fitted well by ellipses at all levels of activity. All five el- Khorosheval967 Frey, 2007. One important feature of the
lipse parameters show a dependencé&gmwhich can be de- auroral oval pattern is that it approximately forms the bound-
scribed by quadratic functions. Optimal delay times for the@ry of the polar cap, inside which the magnetic field lines are
merging electric field at the bow shock are 30 and 15 minoPen and merged with interplanetary magnetic field (IMF)
for the equatorward and poleward boundaries, respectivelyines. The auroral oval is quite dynamic and generally related
A comparison between our model and the British Antarctic to the prevailing geomagnetic activity. The exact location of
Survey (BAS) auroral model derived from IMAGE (Imager the equatorward oval boundary depends both on the energy
for Magnetopause-to-Aurora Global Exploration) optical ob- Of the precipitating particles and the magnetospheric electric
servations has been performed. There is good agreement b@ld magnetic fieldsKauristie et al. 1999, while the size
tween the two models regarding both boundaries, and the difof the polar cap depends on the amount of magnetic field
ferences show a Gaussian distribution with a widtk=af in energy stored in the tail lobes. The locations of the auroral
latitude. The difference of the equatorward boundary showdoundaries are important parameters for estimating the en-
a local-time dependence, which i ib latitude poleward in ~ €rgy flows in the solar-wind—magnetosphere—ionosphere sys-
the morning sector and® quatorward in the afternoon sec- tem Baker etal.1997). Therefore, monitoring the whole au-
tor of the BAS model. We think the difference between the foral oval on a quasi-instantaneous basis is of great interest
two models is caused by the appearance of auroral forms ifr the study of magnetospheric dynamics.

connection with upward FACs. All information required for ~ Based on DMSP (Defense Meteorological Satellite Pro-
applying our auroral oval model (CH-Aurora-2014) is pro- 9ram) auroral photographs, there have already been some

vided. early model attempts for predicting the location of the auro-
. ral oval (Feldstein and Starkol97Q Holzworth and Meng
Keywords. lonosphere (auroral ionosphere) — mMag- 1975 Hardy et al, 200§ and the global distribution of the

netospheric - physics (current systems; magnetospheregacirons and ions streaming into the ionospheterdy et
ionosphere interactions)

al,, 1985. However, these observations did not cover all the
magnetic local times (MLT) well, in particular in the South-

ern Hemisphere. A much improved model of the auroral
oval was derived from optical observations of the IMAGE
(Imager for Magnetopause-to-Aurora Global Exploration)
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624 C. Xiong and H. Lihr: Auroral model

satellite. This spacecraft was able to provide pictures of3 The auroral oval model
the whole oval every 2-3 min. Based on these datakes _
et al. (2008 and Longden et al.(2010 developed tech- 3.1 The controlling parameter for the model

nigues for an automatic detection of the auroral bound- . )
aries. A corresponding data set containing the boundary loi" OUr previous study Xiong et al, 2014, 10 years of

cations in the Northern Hemisphere for the years May 2000-CHAMP observations from August 2000 to August 2010

October 2002 is available at the British Antarctic Survey Nave been used for studying the characteristics of the au-
(BAS) server. Using 10 years of continuous magnetic fielgroral oval. We have tested the functional relations between
observations from CHAMP (CHAllenging Minisatellite Pay- the latitudes of the auroral boundaries and different magnetic

load), Xiong et al.(2014 developed an alternative method actiyity indices. Best re;ults for a Iinear depend.ence were
for detecting the auroral boundaries from field-aligned cur-derived for both boundaries when using the merging electric

rent signatures. In a statistical analysis they demonstrated thii€!d- The other indices, like auroral electrojet (AE) index and
reliability of their approach. In this study we will make use Dst, also provide good linear relations but with some caveats.

of this boundary detection approach to develop an empirica[rherefore, we choose the merging electric field derived from
model for the auroral oval. Different from the BAS model Solar wind data for characterizing the expansion of the auro-

we cover both hemispheres and provide oval positions forr@! Oval and for parameterizing the model in this study.

the whole solar cycle from 2000 to 2010. Th_e merging electric field we used is the new coupling
In the sections to follow we first briefly repeat the detec- function as defined bixewell et al.(2007:

tion approach described byiong et al. (2014. The main 2

part, Sect. 3, is concerned with the design of suitable controlg’ — sz%( /| B,%>+ B.?) * gind (9), (1)

parameters determining the shape of the oval boundaries. Itis ’ 2

followed by a detailed description of the processing steps. Awhere Vs, denotes the solar wind velocit, and B, de-

systematic validation of our model versus others, in particu-note they andz components of the interplanetary magnetic

lar the BAS model, is presented in Sect. 4. Important feature$ie|d (|MF) in geocentric solar magnetospheric (GSM) coor-

of the model are summarized in Sect. 5. dinates, and is the clock angle of the IMF (taf) = %),
To make the numerical values comparable with the merging
electric field (in mV 1) defined byKan and Leg(1979,

we UseVsy, in units of km st and B, andB; in nT for calcu-
The CHAMP satellite was launched on 15 July 2000 into alating theEp, in Eq. (1) and then divide the value by a factor
circular, near-polar orbit (inclination: 87Bwith an initial ~ 0of 1000.
altitude of 456 km. By the end of the mission, 17 Septem- An important characteristic of the magnetosphere—
ber 2010, the orbit had decayed to 250 km. For this studyionosphere system that has to be taken into accaMetr(er
we make use of the fluxgate magnetometer (FGM) on boardnd Pross1997 Liu et al, 2010 is its “memory effect” with
CHAMP that provides magnetic vector field readings at a rate'€spect to solar wind input changes . The time-integrated
of 50 Hz and a resolution of 0.1 nT. The data were calibratedcan be defined as
routinely with respect to the onboard a_bsolute scalar Over- ft E(tyel DIy
hauser magnetometer (OVM) and provided as Level-2 readEm(,, 7) =1 m
ings (1 Hz). ft’l e =D/Tdy
For our boundary detections we make use of the two trans-
verse components in a mean-field-aligned (MFA) coordinatevhereEy, is treated as a continuous function of timer; is
system, which is suitable for calculating field-aligned cur- chosen 3 h before the actual epoch, amsithe e-folding time
rents (FAC). The mid-point of a significant increase of FAC of the weighting function in the integrands. In this study
intensity has been used to determine the auroral boundarie§:5 h is found to be the most suitable for our model. The val-
Details of the MFA coordinates and the applied FAC deter-ues forr; andzr were determined experimentally, providing
mination are given irXiong et al.(2014. The FAC intensi-  the bestlinear relation between the retardiagdand latitudes
ties calculated by our approach reflect mainly the small- andPf the boundaries.
medium-scale<{ 150 km) field-aligned currents. The advan-
tage of favoring the smaller scale FACs is that boundarie
appear sharper. Further, an automatic approach for detecti
the boundaries of the auroral oval based on the intensity o
FACs has been developed and appliekinpng et al.(2014.
Here we make use of the derived boundary locations from th
whole CHAMP mission.

2 Data and processing approach

: )

3.2 Ellipse fitting to the auroral oval

R this study we use the approach presenteiiong et al.
2014 to determine the auroral boundaries from the CHAMP
FAC signatures. In order to describe the auroral boundaries
%y analytical functions all the detections are divided into bins
of different activity levels as defined b¥y. To make sure
that the numbers of samples in eal bin is large enough,
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Figure 1. The number of events of the auroral oval boundaries in s e Monht En=1829 CNorthorn homi Emes 820"

eachEnm bin for Northern (left) and Southern (right) Hemispheres.  * e
“EAB” and “PAB” represent the equatorward and poleward auroral g

boundary, respectively.

the sizes ofE, bins are different for different activity lev-
els. TheEn, range and center value of each bin is listed in oo e ) CHAYP 200008 0 201008
Table 1. Figure 1 presents the distribution of the number ® o Northern heml Em=5.0-5.3
of events separately for both boundaries and hemispheres . e
“EAB” and “PAB” represent the equatorward and poleward \25
auroral boundary, respectively. The sizes of the bins have g 8 25
been chosen such that the number of events is more thar:fg
1000 and 800 for EAB and PAB, respectively. These large *
numbers of detections will guarantee a sufficient number of ;

00
55 60 80 8 90 MLT [h]

65 70 75
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entries at all MLTs and activity bins. o el P
The boundary detections of eadiy, bin are first di- sy S TR orner e Emes 0105
vided into 24 MLT bins (2h wide overlapping bins). From  * ~=-PaB

these values the central latitudes of the boundaries are detelsss
mined for the different MLTs. The latitude distributions of =~ £
the boundary detection occurrence rates for the bin around =
midnight are presented in Fig. 2 (left column) for four exam- :Z
ples of En, levels. From top to bottom the values Bf, cover e S
the ranges: 0.2-0.4, 1.8-2.0, 5.0-5.3, and 9.0-10.5, respec % s
tively. All the latitude profiles of occurrence rates resemble
Gaussian normal distributions quite well, and the latitudes afFigure 2. Left: the auroral boundaries’ latitude distribution at mid-
peak values can be taken as representative ofthectiv- night for diff_erentl_Em_bin_s. Right: the magnetic latitude and mag-
ity level. It can be clearly seen that with increasifig, the netic local-time distribution of equatorward (black) and poleward
center latitude of the equatorward boundary appears at 67(d:ed) blounotljary dfe;ehcgons for differefin bins; solid dots are the

65, 62, and 59in apex latitude, while the poleward bound- ean latitudes o ns

ary stays between 72 and°7h apex latitude. For the actual

determination of the mean latitude in each MLT bin, only between semiand the midnight-noon axis, with positive
the detections within the latitude range where the occurrencgalues counting counterclockwise. All the length scales are
rate is larger than 5% are used. This is done to eliminate thén degrees of latitude. For most of the cases, the center of the
influence of individual outliers. The derived mean latitudes fitted ellipse is not right at the magnetic pole, and the orien-
of the detections are presented in Fig. 2 (right column) fortation angle of the ellipse is non-zero.

every MLT hour as black and red dots for the equatorward For every anglepr measured from the midnight—noon axis
and poleward auroral boundaries, respectively. we can compute the radiug from the center of the ellipse:

In a next step we use the 24 hourly mean values of the de-
tections in eachty, bin and fit ellipses to them for the two  ,,, — )
boundaries. As shown in Fig. 3, five parameters are needed \/(semjc - SiN(g + ¢0))2 + (semi, - coSp + ¢g))2
to represent an ellipse. The sgnaind semj are the semi- ’
axis of the ellipse in midnight—noon and dawn—dusk direc-When taking the difference between the ellipse center and the
tions; xo and yg are the coordinates of the ellipse center, magnetic pole into account, the radiugrom the magnetic
with a positive value ok, y pointing towards midnight and pole, namely the co-latitude of the auroral boundary, can be
dawn, respectivelyyg is the orientation angle of the ellipse defined as

65 70 75 80 8 90
Apex Latitude [°]

semi - semi,

®)
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Table 1. The range and mean valuesif, in each bin.

C. Xiong and H. Lihr: Auroral model

Bin No. Binsize CentraEy,, Binno. Binsize CentraE, Binno. Binsize CentraEm

1 0.2 0.1 14 0.2 2.7 27 0.3 5.45
2 0.2 0.3 15 0.2 2.9 28 0.3 5.75
3 0.2 0.5 16 0.2 3.1 29 0.3 6.05
4 0.2 0.7 17 0.2 3.3 30 0.4 6.4
5 0.2 0.9 18 0.2 35 31 0.4 6.8
6 0.2 1.1 19 0.2 3.7 32 0.4 7.2
7 0.2 1.3 20 0.2 3.9 33 0.6 7.7
8 0.2 1.5 21 0.2 4.1 34 1.0 8.5
9 0.2 1.7 22 0.2 4.3 35 1.5 9.75
10 0.2 1.9 23 0.2 45 36 2.0 11.5
11 0.2 2.1 24 0.2 4.7 37 00 >12.5
12 0.2 2.3 25 0.2 4.9

13 0.2 25 26 0.3 5.15

MLT [h]

Due to the offset between the ellipse center and the magnetic
pole, the angular value @f is not equal to the local-time
anglei. Here we use the two-step approximation to minimize
the error arising from the difference betweeandgy. For a
given MLT, we first use. to replacey in Egs. (3) and (4),
then)’ is calculated from Eq. (5). The difference between
and)’ can be defined as

Ah=1 —A. (6)

In the second step we can use the desired magnetic local time
for quantifyingg

@ =A+ Ak @)

Finally, this new ellipse angle will be used @sn Egs. (3)
and (4) to calculate the auroral boundary location.

In order to determine the dependence of the auroral oval
shape on magnetic activity, we perform a dedicated analysis
of the ellipse parameters. The averaged value and the
five ellipse parameters are first derived for edth level.
Subsequently we fit quadratic functions dependingZgnto
each of the parameters for quantifying their dependence on

Figure 3. The five parameters of an ellipse: sgnfblue solid) and
semi, (blue dashed) are the semi-axes of the ellipse in midnight—
noon and dawn—dusk directiony and yg are the coordinates of
ellipse center (red triangle), with positive valuesxofy pointing

activity:

y=p2- Em*+ p1- Em+ po,

towards midnight and dawn, respectiveby;is the orientation angle

of the ellipse, with positive values counterclockwise.

r= \/ (ro - OS¢ + ¢o) +x0)? + (0 - SiN(p +¢0) +y0)2.  (4)

where y represents any of the five ellipse parameters and
po, p1, and po are coefficients determined by least-squares
fitting. Figure 4 presents the obtained quadratic fits for the
five parameters of the equatorward (left) and poleward (right)
boundaries versus the merging electric fidigh. The black
circles and red squares represent the Northern and Southern
Hemisphere results, respectively. We can see that with in-

In practice, it is more appropriate to have an angular reprecreasingE, both semi-axes of the ellipse expand to lower

sentation in magnetic local time (MLT),= 27 - MLT /24 h.

This can be derived as

r - sin(g + @o) + yo
r-coS¢ +¢o) +x0°

tan(A) =

Ann. Geophys., 32, 623631, 2014

latitude. For largeEy, values saturation effects appear for
semi and semj of the equatorward boundary, while for the
poleward boundary the saturation is limited to sgrand
semj, is steadily increasing. The centers of the ellipses vary

www.ann-geophys.net/32/623/2014/
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Figure 4. Quadratic fit of the ellipse parameter dependenc&gn
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Figure 5. Determinations of optimal delay time fdfy. The root
mean square (RMS) values of the equatorward (left) and poleward
(right) boundary residuals (the latitude differences between our CH-
Aurora-2014 model and CHAMP FAC detections) are shown for
four different local-time sectors.

functional dependence of five parametersiynare listed in
Tables 2 and 3. The derived functions allow for a continuous
description of the auroral oval shape.

3.3 The delay time

Our aim is to make estimates of the auroral boundary lo-
cations based on the prevailing merging electric fidg,

It is expected that the boundaries exhibit a somewhat de-
layed response to variations Bf, acquired at the bow shock.
Therefore, we try to find the appropriate delay times between
Er readings and the application of boundary prediction. To
check our empirical model we have compared the individ-
ual boundary locations derived from FAC evaluations with
those of the model predictions according to Eq. (4). For dif-
ferent delay times of, we determined the root mean square
(RMS) values of the difference in latitude (defined as model
prediction minus actual boundary detection). Such a test has
been performed over a range-t® h delay times at steps of

15 min, separately for the dawn, noon, dusk, and midnight
sectors. From Fig. 5 we can see that smallest RMS differ-
ences are found at 30 and 15 min delays for the equatorward
and poleward boundaries, respectively. These delay times are
used in all subsequent analyses. Figure 6 shows the distribu-

for the equatorward (left) and poleward (right) auroral boundariestion of boundary residuals between model and observations

in both hemispheres.

only little. In the case of the equatorward boundagy,in-

versus merging electric field after considering the optimal de-
lay time for equatorward (left) and poleward (right) bound-

aries. Events from 2 h MLT bins have been selected around
06:00, 12:00, 18:00, and 00:00 MLT to represent dawn, noon,

dicates a shift away from the magnetic p0|e toward mid-dUSk, and mldnlght sectors. For all four MLT bins our empiri-
n|ght with increasingEm; we observe an Opposite reaction cal model shows rather consistent normal distributions of the
for the poleward boundary, as the center moves toward daytesiduals with respect to CHAMP boundary detections.

side. The componeny reflects only small displacements to-
wards dusk for all levels of\,. Compared to the other four
ellipse parameters, the rotation anglg, exhibits a rather

scattered response tBy,. For that reason, only linear de-

3.4 Details of the auroral oval model

For the construction of the new empirical model of the au-

pendences are derived. Since the boundaries have an almasiral oval we take advantage of the characteristics of the au-
circular shape, the angle is difficult to determine but the un-roral boundaries derived from the CHAMP FAC signatures.

certainties ofpg have little effect. The coefficients for the

www.ann-geophys.net/32/623/2014/

Primary input for the model calculation is the value &,
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Table 2. Coefficients of the quadratic functions presenting Eyg¢ dependence of the five ellipse parameters that describe the equatorward

auroral boundary.

Northern Hemisphere

Southern Hemisphere

Ellipse parameters’} p2 p1 PO p2 p1 Po
semi —2.3836x 1002 9.5470x 101 1.8861ex 10t —1.3209x 1002 8.1597x 1071 1.8559ex 10t
semi, —2.9566x 1072 1.1504x 1¢° 2.0562x 10 —2.4605x 1072 1.0752x 1071 1.9549x 10
x0 0 2.7827x 1072 4.1263x 10° 0  4.4667x 1072 3.6946x 10°
Y0 1.6569x 1073  —2.8855x 1072 —3.2637x 101 6.5985x 1074 —1.1623x 1002 —6.0436x 101
%0 0 31147x 1001  —3.1555x 10° 0 -1.0934x10°1  —8.8836x 10°
Table 3. The same as Table 2, but for the poleward auroral boundary.
Northern Hemisphere Southern Hemisphere
Ellipse parameters’} P2 j21 Po P2 r1 Po
semi, —5.9729x 1074  2.6173x 1071 1.2813x 10t —3.0559x 1074 2.8870x 1071 1.3251x 10t
semi, —2.9556x 1072 9.6759x 1071 9.5486x 10° —-2.4073x 1072 8.2006x 10!  1.1605x 10!
X0 0 —25310x10°1 4.5175x 1P 0 -—21674x10°1  4.2526x 10°
Y0 5.6513x 1073 —1.5732x 10°1 —3.9319x 1071 7.0729x 1074 —2.4479x 1072 —1.1330x 1P
@0 0 1.2831x 10°  —8.5358x 10° 0 —15508x10°  3.7050x 1P
There is a four-step procedure intended for the prediction of d. Insert the adjustment afr in Eq. (4)
the auroral boundaries. v
" 9)

1. Calculation of the control parametéiy,, considering
memory effect as defined by Eq. (2), and taking into ac-
count the delay times of 30 and 15 min for equatorward
and poleward boundaries, respectively.

V((r + Ar) - cosg + o) + x0)2 + ((r + Ar) - Sin(g + o) + ¥0)2

and repeat step 3. The resulting position is in mag-
netic co-latitude (distance from the magnetic pole).

We term this new empirical mode CH-Aurora-2014.

2. Using Eg. (8) and the parameters in Tables 2 and 3 t0 For times outside the CHAMP mission period (2000—

calculate the five ellipse parameters. 2010) the model can be used with reduced accuracy. Results
3. For a given magnetic local-time anglethe ellipse an- are then controlleq entirely by the merging electric fidlg,

gle ¢ in the first round has to be used as equahto and they are provided by the equations up to step 3.

(p = 1) in Egs. (3) and (4). In a second roundis up-

dated ¢ = A + AX) for another application in Egs. (3) 4 validation and discussion

and (4) according to Egs. (5) and (6). The radiuken

gives the location of the auroral boundary in magnetic4.1 Comparison with the Feldstein model

co-latitude.

The approach presented here for the first time uses field-

4. Itis recommended to adjust the model by actual bound-g|igned current signatures for identifying the locations of au-

ary detections. This requires the following substeps.  roral boundaries. For validating the predictions of the CH-

a. Read the MLT and apex co-latitude of the CHAMP Aurora-2014 model, we have, as an initial step, taken the
boundary crossing closest to the UT time of inter- predictions of the Feldstein moddH¢lzworth and Meng

est. Consider both crossings from ascending and1975 for comparison. The control parameter for the Feld-
descending arcs at the same pole, if available stein model is the index. Therefore, we first had to deter-

) ) ~mine a suitable relation between diy, and theQ index. By
. Calculate the predicted apex co-latitudes accordlngusing theQ index andEn, data of the whole year 2005, we
to steps 1 to 3 for the CHAMP MLT and solar wind - getermined mean values Bf, for eachQ index. These mean
conditions. values of En, have been used as input for our CH-Aurora-
c. Determine the mean difference in co-latitude, = 2014 model. Figure 7 presents the predictions obtained of
(rcH1 — rmod1+ rcH2 — rmod2 /2, Where the sub- the equatorward (left) and poleward (right) auroral bound-
scripts 1 and 2 denote ascending and descendingries from the Feldstein model (black lines) and CH-Aurora-
crossings, respectively. 2014 (red lines) for three differei levels. In the case of the

Ann. Geophys., 32, 623631, 2014 www.ann-geophys.net/32/623/2014/
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Figure 7. Comparison of the auroral equatorward (left) and pole-
ward (right) boundaries between the Feldstein model (black lines)

[

g g 5 s, and our CH-Aurora-2014 (red lines) for different magnetic activity
: : S ACER levels; 0 =2, 4, 6.
e § -1

-15]
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—25]
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em 4.2 Validation against the BAS auroral model

PAB Northern hemi At=15m Dusk

A much more detailed test of the CH-Aurora-2014 model
N was performed by a comparison with the BAS model. This
e more recent model is based on optical observations of the
whole auroral oval by the IMAGE satellite. By means of an
automatic detection scheme the auroral boundaries are de-
tected (for details, sekongden et al.2010. At intervals
of 2 to 3min, the complete oval is recovered. The resulting
database covering 2.5 years (May 2000—October 2002) of au-
roral boundaries in the Northern Hemisphere is freely avail-
able at the British Antarctic Survey server. The BAS model
provides the auroral boundaries derived from three detectors
of the far ultraviolet (FUV) imaging system instrument on
board IMAGE; the boundaries derived from the Wideband
Imaging Camera (WIC) have been used here for comparison.
In a one-to-one comparison we calculated the difference
Figure 6. Distribution of the residuals (the latitude differences be- in |atitude for every CHAMP pass when the BAS model was
tween our CH-Aurora-2014 model and CHAMP FAC detections) gyajlable. From the 2.5 year database of the BAS model,
for equatorward (left) and poIeV\_/ard (right) boundaries. Positive vaI-2326 and 2295 common events were found for the equator-
;giiepresent boundaries predicted too far poleward by CH-Aurora\-Nard and poleward boundaries, respectively. Generally we
' obtained a good match between the two independent obser-
vations. Figure 8 shows the distribution of the latitude dif-
equatorward boundary, the predictions from the two modelderences. To first order, the difference distribution can be ap-
are quite similar in the midnight sector but deviate clearly atproximated by a Gauss curve well centered at zero. The dis-
other local times. CH-Aurora-2014 predictions are abdut 2 tributions for the equatorward and poleward boundaries have
equatorward from the Feldstein model in most MLT sectors.Similar shapes. For obtaining a more quantitative description
The poleward auroral boundary is predicted by both modelf the differences between the models, two Gaussian func-
at almost the same latitude at midnight, while at the other lo-tions are fitted to the distribution. The narrow (blue) curve
cal times the results differ considerably. In particular aroundrepresents the main body of observations, while the flat (red)
noon, the Feldstein model shows peculiar latitude variationgcurve represents the more serious outliers. Such a dual Gaus-
for high activity. This may be caused by uncertainties intro- sian distribution indicates the existence of two different type
duced by daylight. errors. The parameters of the two Gaussian curves are listed
in Table 4. For both boundaries the width of the core dis-
tribution (sigma) is only 2 in latitude. This holds for the
main part of events. We find a small bias of about°Grb
latitude, indicating that CHAMP detections are more pole-
ward. Differences larger thart i latitudes (outside the blue
curve) are considered as outliers and are not discussed fur-
ther. Individual inspections showed that sometimes the BAS

DApex Latitude [°]
DApex Latitude [°]

AApex Latitude [7]
AApex Latitude [7]
\
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Table 4. Parameters of the Gaussian distributions fitted to the dif- CHAMP and IMAGE WIC

ferences shown in Fig. 8. > ‘ ‘ ‘ ‘ ‘
ar EAB , 1

3

EAB PAB _

Inner curve  Outer curve Inner curve  Outer curve E 1
3

Amplitude [] 16.28 3.29 15.71 4.60 30
Peak latitude] 0.33 -0.21 0.45 0.96 ]
Sigma P] 2.07 4.86 1.80 4.84 8

CHAMP and IMAGE WIC CHAMP and IMAGE WIC

EAB PAB

Occurrence rate (%]
Occurrence rate (%]

DApex latitude [ °]

-15 -10

-5 0 5 10 15 -15 -10
AApex latitude [7]

-5 0 5
‘AApex latitude [7]

Figure 8. Distribution of the differences in latitude between the S5 5 15 5 2 2

CHAMP FAC detections and IMAGE WIC auroral boundaries. The MLT th]

core part of the detections can be approximated well by a narrowF_ 9. Hourl | d standard deviati f the local
Gaussian curve (blue). Obvious outliers follow a different distribu- \gure 9. Hourly mean values and standard deviations ot tne focar-
tion (red curve). time variation of latitude differences between auroral boundaries

derived from CHAMP FAC and IMAGE WIC observations for
equatorward (top) and poleward (bottom) auroral boundaries. Posi-
tive values indicate a poleward displacement of the CHAMP detec-

model is wrong and at other times our detection algorithmtions

fails.
Besides the general distribution of the differences between

the two models, we have also looked at the local-time dis- Around noon the differences of both boundaries vary Sig_

tribution of the differences. For this analysis we used only pificantly. We think this is caused by sunlight contamination
events with differences of less tharb®. The top frame of  that is disrupting to both detection methods.

Fig. 9 shows that during the early morning hours CHAMP
detects the equatorward auroral boundary abéufudther
poleward than the boundary derived from IMAGE data. Con-5 Summary and conclusion
versely, the boundary deduced from optical observation ap-
pears 2 in latitude further poleward during afternoon hours Here we have presented an empirical model of the auro-
than that derived from CHAMP FAC activity. An explana- ral oval based on the enhanced small-scale FAC intensity
tion for this apparent discrepancy could be the polarity ofin that region. High-resolution CHAMP magnetic field data
region 2 (R2) FACs. In the morning sector R2 is associated®f the years 20002010 from both hemispheres provide the
with upward FAC. Therefore, auroras appear at the equatortequired information. The basic shape of the oval is con-
ward boundary, while in the afternoon little auroral activity trolled by the dayside merging electric field and the size is
is associated with downward R2 FACs. Based on these argiadjusted to actual detections of the auroral boundaries by
ments we may suggest that the local-time-dependent bias iSHAMP. Some characteristics of the presented model CH-
introduced by the BAS model. By contrast with the optical Aurora-2014 are:
observations, enhanced small-scale FAC activity is present
under both upward and downward FACs.

In the case of the poleward auroral boundary, there is lit-
tle dependence of the differences on local time. Rather, we

Gaussian distribution (Fig. 8) and is listed in Table 4. We Em dependence of the ellipse parameters can be fitted
regard this bias value as a consequence of our definition of \ye|| py quadratic functions.

the thresholds in FAC activity that define auroral boundary.

As described irXiong et al. (2014, it is the mid-point of a 3. Best agreement between boundary detections and the
significant increase of FAC intensity. Such systematic biases  prediction of its location is obtained when the merging
could be taken into account in a later model version. electric field observed at the bow shock is delayed by

1. The equatorward and poleward boundaries of the auro-
ral oval can both be fitted well by ellipses for all levels
of activity.
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